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SUMMARY 


The New York State age-adjusted 
incidence rates for several cancer sites 
are compared with rates reported from 
Connecticut and Iowa. Despite some 
differences there is substantial agree- 
ment among the three sources on the 
approximate magnitude of the inci- 


larger urban-rural ratios were noted for 
the respiratory system, esophagus 
(males), and intestine and rectum 
(males). Within New York State, the 
urban-rural differences in incidence 
for specific sites persisted when data 


for metropolitan and nonmetropolitan 
counties were examined separately.— 
J. Nat. Cancer Inst. 24: 1243-1257, 1960. 


dence rates, for several sites, in the 
urban and rural areas and in the urban- 
rural ratios of rates. Some of the 


THE EARLY studies of urban-rural differences in cancer risk relied 


mainly on the examination of vital-statistics records. The basic American 
mortality data published by Gover (1), Spiegelman (2), and the National 
Office of Vital Statistics (3) suggested that the urban excess in the over-all 
cancer risk was greater among males than females and that the excess 
was distributed unevenly among specific sites. The respiratory system, 
buccal cavity, and esophagus exhibited higher urban-rural ratios than the 
stomach or skin and the urban excess was greater for the female breast 
than for the uterus. 

Federal and State vital-statistics offices have not prepared any additional 
results on age-adjusted cancer mortality for residents of urban and rural 
areas since 1940. At the time of the 1950 population census, the National 
Office of Vital Statistics abandoned the coding of residence of decedent 
by population-size and relied instead on a grouping of metropolitan and 
nonmetropolitan counties. Thus the cancer incidence rates published for 
Connecticut (4) and Iowa (5) have been the only recent American source 
of information on urban-rural gradients in cancer risk. To these can 
now be added the New York State experience on cancer incidence, pre- 
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sented here for 1949-51. The New York State data are in a form that 
permits comparison with Connecticut and Iowa, and they also yield some 
additional contrasts for urban and rural populations in metropolitan and 
nonmetropolitan counties. 

In many respects the incidence findings appear consistent with those 
from mortality studies and there is no reason to believe that they would 
lead to grossly contradictory results in any given study area. The urban- 
rural ratios derived from incidence and mortality data collected in the 
Iowa survey, for example, were found to be in close agreement for all 
sites except the skin (5); the latter exception is not too surprising, since 
only a small fraction of skin cancers terminate fatally. The use of inci- 
dence data has some advantages. Case reports specify the site of the 
lesion in more detail and can indicate the nature of the supporting diag- 
nostic evidence more precisely than is possible on death certificates. Also, 
the medical certification problem of selecting one of two or more diseases 
as the underlying cause does not arise in case reporting. 


SOURCE OF NEW YORK DATA 


A central cancer register has been maintained by the New York State 
Department of Health since 1940. All physicians, hospitals, and labora- 
tories in New York State (exclusive of New York City) report, by name, 
cancer patients coming to their attention. A master alphabetic index 
eliminates duplicate reports for the same individual. Newly diagnosed 
cases are tabulated by year of report and used as a measure of cancer 
incidence for that year. Deaths from cancer, not previously reported as 
cases, are counted as new cases for the year in which death occurred. 

The proportion of cancer cases reported by death certificate only is 
presented in table 1; the summary New York figure, 21 percent, was some- 
what higher than the Connecticut cancer-register experience for 1947-51, 
17 percent. In Iowa, where the data were collected by a canvass of all 
hospital and physicians’ records, death certificates accounted for 6 percent 
of the total number of newly diagnosed cases for 1950. Within New York 
State, the proportion reported by death certificate for specific sites was 
only slightly higher in rural than in urban areas, which indicates that 
differences in the observed urban and rural incidence rates could not be 
accounted for by differences in completeness of case reporting. 

The proportion of the New York cases (including those reported by 
death certificate only), which had microscopic confirmation, 69.8 percent, 
agreed well with Connecticut, 71.3 percent, and Iowa, 68.5 percent. 
The New York figure is a conservative one, since it refers only to con- 
firmations reported to the register. The level of microscopic confirma- 
tions was reasonably uniform throughout the State; the results for the 
four major population groups were as follows: urban, metropolitan 
counties, 71.6 percent; rural, metropolitan counties, 66.4; urban, non- 
metropolitan counties, 70.3; rural, nonmetropolitan counties, 67.8. 
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TaBLE 1.—Percentage of newly diagnosed cancer cases reported by death certificate 
only, by primary site, for urban and rural areas: New York State (exclusive of 
New York City), 1949-51 


New York State Urban Rural 


Percent Percent Percent 
reported reported reported 
b 


by by y 
death death death 
certifi- certifi- certifi- 
Total cate Total cate Total cate 
Primary site cases only cases only cases only 


All sites 54, 269 34, 740 
Buccal cavity and pharynx 


Digestive system 
Esophagus 
Stomach 
Intestines 
Rectum 
Other digestive organs 


Respiratory system 
Lung and bronchus 
Larynx 

Breast 

Male genital organs 

Female genital organs 
Cervix 
Corpus 
Ovary 

Urinary organs 
Kidne 
Bladder and other 


Skin 


Lymphatic tissues 


Leukemia 


The Iowa study (5) considered in some detail the results based on total 
diagnoses and on microscopically confirmed cases only and concluded 
that both sets of data would yield essentially the same inferences about 
urban-rural differences in cancer risk. The same situation would appear 
to prevail in New York as well, and the results in succeeding tables based 
on total diagnosed cases would be essentially reproduced by consideration 
of microscopically confirmed cases only. 


INTERSTATE COMPARISONS 
The New York State age-adjusted incidence rates for the primary 
sites covered in this report are compared in table 2 with the corresponding 


rates for Connecticut and Iowa. All the rates cover roughly the same 
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period: New York State (exclusive of New York City), 1949-51; Con- 
necticut, 1947-51; Iowa, 1950. The New York and Iowa definitions of 
urban and rural follow the ‘‘old” definitions of the 1950 Census of Popula- 
tion; urban includes all persons living in incorporated places of 2,500 
inhabitants or more and in certain other political subdivisions classified 
as urban under special rules relating to population size and density. 
In Connecticut, the census definitions were discarded as inapplicable 
and the term “rural” applied to a group of 93 small towns with a popula- 
tion density of less than 130 persons per square mile. The remaining 76 
towns in that densely populated State were classified as urban. 

While there are some differences in results among the three States, 
which will be mentioned, there remains a large common area of agreement 
on the approximate magnitude of the rates for several cancer sites. This 
impression of general consistency is strengthened when one remembers 
the potential sources of error to which the rates are subject, including 
chance variation and systematic biases associated with specific data- 
collection procedures. The Connecticut data, like those for New York, 
are derived from continuous reporting to a register and differ in this 
respect from the Iowa material, which was based on a 1-year morbidity 
survey, comparable to the 10-city surveys conducted by the Public 
Health Service in 1937 and 1947. 

The excess in the Iowa rate for the buccal cavity and pharynx is con- 
centrated in a single site—the lip. Differences of a similar magnitude in 
incidence of lip cancer have also been observed in the surveys of 10 
metropolitan areas (6). Such results raise the question as to whether the 
criteria for distinguishing between the lip and skin of the lip are uniform 
in those areas from which data have been collected. Eliminating the lip, 
the Iowa incidence for other buccal cavity sites falls closely in line with 
those in the other two States. 

The low lung-cancer rate among males in rural Iowa appears consistent 
with evidence that this disease is encountered less frequently in farm 
populations (7, 8). Iowa is an agricultural state and the proportion of 
its rural population residing on farms, 59.0 percent in 1950, is greater 
than in Connecticut, 14.0 percent, or up-State New York, 26.9 percent. 

The skin-cancer rates may reflect differences in the case register and 
morbidity survey methods. The Iowa canvass of dermatologists and 
radiotherapists in private practice ensured more complete coverage of 
patients seen by these practitioners, although some patients whose cases 
were diagnosed in earlier years may have been erroneously included. 
Cases from these sources may have escaped reporting in New York, 
particularly when microscopic confirmation was not available. In this 
connection, it is interesting to note that the New York skin-cancer rates, 
based on reports from all diagnostic sources in and outside hospitals, 
were only slightly higher than the Connecticut rates based on reports 
from hospitals only. 

The higher Iowa incidence for prostate cancer is not supported by a 
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corresponding excess in mortality rate. Since the Iowa urban incidence 
agrees well with that from the 10-city surveys (6), this suggests that a 
survey review of pathology department records may include more occult 
carcinomas found on review of prostate specimens than would be reported 
to a cancer register, although inclusion of some cases diagnosed in earlier 
years is again a possibility. 

No ready explanations can be offered for disparities in the absolute 
rates for certain other sites. The higher reported incidence of bladder 
cancer in urban Iowa cannot be attributed to inclusion of benign papillomas 
of the bladder, since all three sets of data excluded these lesions. Like 
prostate cancer, the urban Iowa rate for bladder cancer resembled that 
obtained in other morbidity surveys and was only slightly higher than 
the 10-city average (6). 

The statistics for cancer of the breast and female-genital organs depict 
a relationship similar to that encountered for the prostate. The higher 
Iowa incidence rates for these sites are at variance with the mortality 
data, which indicate much smaller differences among the three States. 
Again, the Iowa incidence rates appear consistent with the 10-city surveys, 
although the Iowa uterine corpus-cancer incidence exceeded all other 
survey figures. A discrepancy in rates for cancer of the breast and female- 
genital organs between survey and case-register sources had been observed 
earlier by Watson (9) in comparing the Saskatchewan register results 
with data from the 10-city surveys of 1937. 

In summary, the cancer sites for which the Iowa incidence rates mark- 
edly exceed those for Connecticut and New York include the lip, skin, 
prostate, breast, cervix, and corpus uteri. In each instance, the urban 
Iowa rates resemble those reported in at least some of the 10 cities, which 
were also collected by morbidity surveys covering a single year. The 
sites listed have one property in common, above-average 1-year survival 
rates for patients. This might suggest that the morbidity surveys 
included some previously diagnosed cases, which would be detected and 
eliminated by long-established cancer registers. However, prolonged 
survival with increased opportunity for rediagnosis and undetected 
duplicate reporting when symptoms recur cannot be the complete answer. 
If this were so, the New York, Connecticut, and Iowa rates should also 
diverge for other sites with good survival prospects for patients, such as 
the large intestine and rectum. 

The interpretation and reconciliation of incidence rates from register 
and survey sources may be more complex than previously thought. The 
site-selective nature of the effects does not lend itself to easy generaliza- 
tions, e.g., survey results are being subject to inclusion of previously 
diagnosed cases and registers miss some diagnosed cases. The problem 
calls for further investigation. One approach would be to conduct 
independently a morbidity survey in an area with a cancer register and 
to reconcile the findings. Some work along these lines is now under way 
in Allegheny County, Pennsylvania. 
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URBAN-RURAL RATIOS 


Biases arising in morbidity surveys and cancer registers should pre- 
sumably be reflected in the rates for both urban and rural populations. 
This suggests that interarea comparisons of the urban-rural ratios of rates 
may be more revealing than comparisons of the rates themselves, since 
the use of ratios would neutralize part of the reporting bias. 

There is one systematic bias which would remain. It arises through 
confusion between legal residence and post-office address. Some patients 
from rural areas with city addresses will inevitably be reported as urban 
residents. In Iowa, the resulting overstatement of urban rates was esti- 
mated to be about 3 percent, accompanied by a 3 percent understatement 
in the rural rates (5). The reasoning was that the effect for cancer cases 
should be roughly half that known to exist for births (10), since the 
chances for misstatement of residence are greatest in hospitals where 
nearly all births occur and would be less for cancer patients, many of 
whom are seen at home by the physician, or die at home. Applying this 
criterion to the New York State results would lead to a rough estimate 
of a 1 to 2 percent overstatement in the urban rates and a 4 percent 
understatement in the rural rates. The Connecticut data would not be 
affected to the same degree, since the urban and rural data were obtained 
by the grouping of towns which are administrative entities well known 
to people in that State. In view of these potential biases, little importance 
should be attached to small differences in the urban-rural ratios. 

The New York urban-rural ratio for all sites is smaller for each sex 
than those reported for Connecticut and Iowa. The ratios are influenced 
by the size of the nonfarm component in the rural population, since the 
nonfarm rates for some sites appear to be intermediate to those for urban 
and farm populations, and the lower New York ratio (with its greater 
nonfarm population) vis-a-vis Iowa might have been anticipated. No 
ready explanation can be offered, however, for the difference between the 
New York and Connecticut ratios. 

Some consistent results on the magnitude of the urban-rural ratios for 
specific sites emerge from the three sets of data. Among the major site 
groups, the largest urban-rural ratios were noted for the respiratory sys- 
tem, buccal cavity and pharynx, and urinary organs, although the order 
differed slightly for each sex. The esophagus, large intestine, and rectum 
were individual sites with high urban-rural ratios for males. One note- 
worthy feature of table 2 is the lower urban-rural ratio for women, par- 
ticularly for the digestive and respiratory systems. 

Despite the discrepancies in the absolute magnitude of the female 
breast-cancer incidence rates, the Iowa urban-rural ratio agreed well with 
those noted for the two other States. For female genital organs, the cer- 
vix and corpus uteri specifically, the New York urban-rural ratios are 
substantially lower than in Connecticut and Iowa. 
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METROPOLITAN AND NONMETROPOLITAN COUNTIES 


The New York data permit separate examination of the urban-rural 
ratios for metropolitan and nonmetropolitan counties; metropolitan coun- 
ties are those in standard metropolitan areas surrounding cities of 50,000 
or more, as defined by the Bureau of the Census. The Iowa and Connecti- 
cut data could not be analyzed in this manner. The rural population in 
Iowa metropolitan counties is small, while Connecticut is so compact and 
highly urbanized that it is unrealistic to think of any part as nonmetro- 
politan in character. 

Table 3 shows the New York age-adjusted incidence rates for the four 
major population groups. The urban excess for specific sites indicated in 
table 2 for New York State appears in both metropolitan and nonmetro- 
politan counties. The presence of urban-rural differentials in nonmetro- 
politan counties indicates that they do not result solely from special 
conditions prevailing in the largest urban centers. In many respects, the 
New York data for nonmetropolitan counties resemble the findings on 
urban-rural differentials in Iowa, which reflect largely the experience of 
nonmetropolitan counties. 


TaBLeE 3.—Age-adjusted * cancer-incidence rates per 100,000 population, by primary 
site and sex for urban {i and rural areas in metropolitan P and nonmetropolitan 
counties: New York State (exclusive of New York City), 1949-51. 


Metropolitan counties | Nonmetropolitan counties 


Ratio: Ratio: 
urban/ urban/ 
Primary site Urban Rural rural Urban Rural rural 
MALES 
All sites 267.2 226.1 118 257.7 202.3 1. 27 
Buccal cavity and pharynx 15.8 12. 2 1. 30 16.1 140 1.15 
Digestive system 90. 0 75. 4 1.19 79. 5 62. 5 1, 27 
sophagus Le 48 1. 48 5.1 2.8 1. 82 
Stomach 24.1 20. 8 1. 16 22. 4 20. 4 1.10 
Intestines 244 18. 8 1, 30 23. 1 i ae 1. 35 
Rectum 19.3 15. 6 1, 24 15. 8 12. 4 1, 27 
Other digestive organs 15.1 15. 4 0. 98 13. 1 9.8 1. 34 
Respiratory system 40. 3 31. 7 1, 27 30. 7 22. 0 1, 40 
Lung and bronchus, total 29. 2 23. 9 La 20. 8 15.2 1. 37 
Primary 18.1 12.1 10. 6 6.7 
Unspecified 11.1 11.8 10. 2 8.5 
Larynx 5.7 3. 8 1. 50 48 3.7 1. 30 
Male-genital organs 31. 6 25. 7 1. 23 35. 2 29. 2 1. 21 
Prostate 27.9 22. 6 1. 23 30. 9 25. 3 1, 22 
Urinary organs 18. 3 x. 1. 07 17.9 12. 5 1. 43 
Kidney 47 4.1 1.15 43 3. 0 1. 43 
Bladder and other 13. 6 13. 0 1. 05 13. 6 9. 5 1. 43 
Skin 32.1 29. 3 1.10 42.6 35. 5 1. 20 
Lymphatic tissues 9.9 8. 4 1.18 9.9 cy 1, 29 
Leukemia 9. 6 8.4 1. 14 6.8 5.1 1. 33 


See footnotes at end of table, page 1252. 
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TABLE 3.—Age-adjusted * cancer-incidence rates per 100,000 population, by primary 
site and sex for urban ¢ f and rural areas in metropolitan § and nonmetropolitan 
counties: New York State (exclusive of New York City), 1949-51—Con. 


Metropolitan counties Nonmetropolitan counties; 


Ratio: Ratio: 
urban/ urban/ 
Primary site Urban Rural rural Urban’ Rural rural 


FEMALES 
All sites 245.9 217.2 -13 256.0 


Buccal cavity and pharynx 3. 8 


Digestive system 
Esophagus 
Stomach 
Intestines 
Rectum 
Other digestive organs 


a 
ge 


WON: 


Respiratory system 
Lung and bronchus, total 
Primary 
Unspecified 
rynx 


S 


Breast 


Female-genital organs 
Cervix 
Corpus 
Uterus, unspecified 
Ovary 


od 


ONNSS 


Urinary organs 
Kidney 
Bladder and other 


Skin 


Pre pr: 


2 FEN 
ONON: 


bd 


Lymphatic tissues 6.9 6.4 ; 6.8 


oo 


Leukemia 6.0 5. 8 5. 4 


*Rates adjusted for age to the total population of the United States, 1950. 

tUrban includes all incorporated places of 2,500 population and over and certain other political subdivisions so 
classified by the U.S. Bureau of the Census under special rules relating to population size and density. 

}Rates for urban and rural areas have not been adjusted to correct for bias in reporting place of residence on 
medical records. 


§Metropolitan counties are those in standard metropolitan areas surrounding cities of 50,000 and over, as defined 
by the U.S. Bureau of the Census. 


The urban excess tends to be larger in nonmetropolitan counties, 
particularly among males. This finding is not surprising when one recalls 
that the metropolitan rural population is predominantly nonfarm, so that 
the metropolitan urban-rural ratios reflect primarily an urban-nonfarm 
contrast, while the nonmetropolitan ratios describe more closely a com- 
parison of urban and farm experience. Two of the more suggestive results 
may be pointed out, the smaller urban-rural ratios in metropolitan coun- 
ties for the lung and bronchus (both sexes) and for the bladder (males). 
The nonfarm residents who are recent migrants from urban centers might 
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be expected to have lung-cancer rates approaching those for persons 
remaining in the central cities. Also it has been observed that the 
smoking habits of the rural-nonfarm population more closely resemble 
those of the urban population than of the farm population (11), and the 
lower urban-rural ratio in metropolitan counties would thus be consistent 
with other findings on excess lung-cancer risks among smokers (7,12-14). 
Many nonfarm males in metropolitan counties commute to work in cities, 
and the lower metropolitan urban-rural ratio for bladder cancer among 
males, in the absence of a similar result for females, would suggest a link 
between excess bladder-cancer risks and some aspects of urban life. 

The age-specific rates for 8 sites are presented in text-figures 1 (males) 
and 2 (females) for each of the 4 population groups. The result for any 
site and age group is based on small numbers and is subject to sizable 
sampling variation, so that the reader’s attention should be directed to the 
patterns of rates. Inspection of the figures would not appear to suggest 
modifications of the inferences to be drawn from the age-adjusted rates. 

In each county and its major subdivisions the observed numbers of 
cases by site have also been compared with the corresponding expected 
numbers based on the statewide experience of metropolitan and nonmetro- 
politan counties separately. In metropolitan counties there is some 
evidence of an excess or deficit of cases in individual counties and cities 
(but not the same areas for each site) over what might be expected from 
random chance variation; the sites most affected are the lung, cervix, and 
bladder. The nonmetropolitan group exhibits no unusual concentration 
of cases in individual areas. The individual county deviations could not 
be accounted for on the basis of any known conditions affecting case 
registration—special diagnostic interests and facilities, or more complete 
coverage and reporting from selected institutions. 


DISCUSSION 


The several sources of American incidence and mortality data have 
consistently suggested urban-rural differences in cancer risk. The ratios 
of urban to rural rates are generally lower among females and vary by 
site, high urban-rural ratios appearing for the esophagus (males), intestine 
and rectum (males), and respiratory organs in the presence of lower ratios 
for such sites as the stomach and prostate. Findings of a similar nature 
on the variability of urban-rural ratios by sex and site have been reported 
from other countries, including Denmark (15), Finland (16), and Norway 
(17). It would be difficult to account plausibly for all the results as 
artifacts attributable to diagnostic factors or other phases of data collec- 
tion. The concentration of diagnostic facilities in urban centers of the 
United States, which probably contributed to an apparent urban excess 
in risk 20 or 30 years ago, would have assumed a less important role in 
recent years, as improvements in transportation and increased use of 
hospitals by all segments of the population more nearly equalized the 
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opportunities for medical care. While diagnostic and reporting practices 
may still influence the reported urban-rural ratios, the question is one of 
degree and selective effect. The variability of the ratios by sex and 
among sites would seem to favor the hypothesis that factors present in the 
urban population or environment have resulted in real increases in 
urban rates for some sites, particularly among males. 

The gross urban-rural differences in cancer incidence undoubtedly 
reflect the effect of many factors and in the absence of controlled classifi- 
cation of related population variables the linking of specific urban-rural 
variations to suspect factors can at best be only suggestive. There is the 
further problem that the effects for special risk groups are diluted when 
combined with the remainder of the population not subject to these risks, 
so one could not expect examination of geographical variation to yield 
unequivocal leads on factors associated with specific sites. Despite these 
difficulties, information on urban-rural variation may still play a role in 
suggesting hypotheses for investigation and studies designed to test them. 
In general, the composite findings to date suggest that in considering the 
epidemiology of several cancer sites careful attention should be given to 
that class of attributes and agents which are distributed differentially in 
urban and rural populations. 
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Duration of Survival in Multiple Myeloma ':? 


MANNING FEINLEIB, A.B., and BRIAN MacMAHON, 
M.D.,3:4 The Department of Environmental Medicine 
and Community Health, State University of New York, 
Downstate Medical Center, Brooklyn, New York 


SUMMARY 


Data on 238 residents of Brooklyn, 
whose first diagnosis of multiple my- 
eloma was made during 1943-52, were 
obtained from hospital records. Diag- 
nosis was confirmed by pathologic 
diagnosis made on autopsy, marrow 
biopsy, or other biopsy, or by radiologic 
diagnosis supported by either serum 
hyperglobulinemia or Bence Jones pro- 
teinuria. Follow-up to April 15, 1958, 
was complete for 95.8 percent (228) of 
the patients. The life-table method 
and a modified maximum likelihood 
method applied to the log-normal dis- 
tribution were used to analyze survival 
trends. The median duration of sur- 
vival for the total series of patients 
after their first admission to the hospi- 
tal was 3.5 months. Sixteen percent 
of the patients survived longer than 18 


months after admission and 8 percent 
survived for 3 years. The median dura- 
tion of symptoms prior to diagnosis 
was 5 months. Median durations of 
survival were somewhat longer for fe- 
males than for males, for younger 
patients than for older patients, and 
for patients who had symptoms for 
more than a year prior to diagnosis 
than for patients with a shorter dura- 
tion of symptoms. Negro patients had 
about the same median and mean dura- 
tions of survival as white patients. 
The median duration of survival for 
Jewish women was more than twice as 
long as for non-Jewish women. No 
differences according to religion were 
noted for males.—J. Nat. Cancer Inst. 
24:31259-1269, 1960. 


DATA ON the duration of survival for patients with multiple myeloma 


have been presented in several recent reports (2-9). In general these 
reports have tended to confirm the pessimistic prognoses of earlier studies 
(10-14). However, these investigations have been based on relatively 
small numbers of patients seen at individual clinics over relatively long 
periods of time. The patients have been drawn from indeterminate base 
populations through varied and often unknown selective mechanisms. 


1 Received for publication August 26, 1959; revised January 12, 1960. 

2 This study was aided by grant CS-9435 from Field Investigations and Demonstrations Branch, National 
Cancer Institute, National Institutes of Health, Public Health Service. 

3 Present address: Department of Epidemiology, Harvard School of Public Health, Boston, Mass. 

‘ For access to case records we are indebted to the administrative, medical, and record-room staffs of many 
Brooklyn and other New York City hospitals. A list of these hospitals has been published previously (1). 

We are grateful to the New York City Board of Health for permission to examine death certificates, and to the 
Bureau of Records and Statistics of the Department of Health for providing tabulated information. 
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It seemed useful therefore to present data ascertained in a community- 
wide survey on the survival of patients with multiple myeloma, the epi- 
demiologic features of which have been described previously (1, 15). In 
the present paper, we have attempted to answer the questions: 

1. What are the parameters of duration of survival for an unselected 
series of patients with multiple myeloma? 

2. Are there anystatistically significant differences between the median 
survival time of groups of these patients classified according to race, 
sex, age, religion, or duration of symptoms prior to diagnosis? 

The results of studies of the survival of patients with acute and chronic 
leukemias, derived from data of the same community survey, have been 
reported previously (16, 17). 


MATERIAL 


The patients, as far as known, were all residents of the Borough of 
Brooklyn; their first diagnosis of multiple myeloma was made during 
1943-52. The sources of data have been described previously (18). 
This study is restricted to data on the 238 patients obtained from review 
of hospital records; data on 41 patients obtained solely from death cer- 
tificates were, for obvious reasons, omitted. For 93 percent (222) of the 
patients, the diagnosis was based on an autopsy or on marrow or other 


biopsy. The remaining diagnoses were based on radiologic diagnosis 
supported by either serum hyperglobulinemia (11 cases) or Bence Jones 
proteinuria (5 cases). Cases diagnosed on radiologic evidence alone were 
not included. No data on treatment were abstracted. 

Follow-up of the 238 patients continued until April 15, 1958, when 
93.7 percent (223) were known to be dead, and 2.1 percent (5) were known 
to be alive; 4.2 percent (10) were lost to trace prior to 1958. 


METHODS 


The duration of survival for each patient was computed from the date 
of his first hospital admission for multiple myeloma and, in addition, from 
the date of onset of symptoms when this was known. The life-table 
method (18) was used to estimate the proportion of patients of a hypo- 
thetical 1,000 alive at time zero who would be alive at various monthly 
anniversaries of admission for each of the subgroups to be examined. Life 
tables dating from onset of symptoms were also calculated for the 3 
groups: white males, white females, and nonwhites. 

Many investigators, e.g., Boag (19), Lea (20), Osgood (21-23), Seaman 
(22, 23), and Tivey (23-25) have observed that the distributions of the 
logarithms of duration of survival of patients with a number of uniformly 
fatal malignancies are approximately normally distributed. Plots of the 
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present data on log-normal graph paper (Codex Book Co., Inc., #31376) 
resulted in linear relationships (text-figs. 1 through 4), indicating these 
data also have a log-normal distribution, i.e., the transformed variable t, 


t= * (log x — log 


is the standard normal variate with mean zero and variance one, where x 
is the duration of survival, and log 6 and ¢ are the mean and standard 
deviation, respectively, of the random variable log z. 


DURATION (MONTHS) 


TEXT-FIGURE 1.—Duration of survival from date of first admission of 238 patients with 
multiple myeloma. The straight line was calculated by the method described in the 
text. The calculated values of the sample parameters are log b = 0.5477 and 
c = 0.7088. 


To estimate the parameters of the log-normal distributions we have 
used a modified maximum likelihood method, the mathematical details of 
which have been described elsewhere (26). The method consists of treat- 
ing the estimated numbers of individuals who died in each interval of 
the life table as if they came from an ordinary random sample. After 
making adjustments for grouping, these values are substituted into the 
usual maximum likelihood equations (27) for the mean and standard 
deviation of a log-normal distribution, and the equations solved. Occa- 
sionally an additional location parameter is required for the data to fit a 
log-normal distribution satisfactorily (17). An estimate of this parameter 
(26) for the present data yielded a value of zero to the nearest month. 
The fit of the simple logarithmic transformations to a normal distribution 
would therefore not be appreciably improved by the inclusion of the 
additional parameter, and it has been omitted in these analyses. 
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DURATION (MONTHS) 
Text-FriGuRE 2.—Duration of survival from date of first admission of 114 white male 
patients with multiple myeloma. The straight line was calculated by the method 
described in the text. The calculated values of the sample parameters are log 
b = 0.4475 and c = 0.6826. 


PER CENT 


10 20 40 100 
DURATION (MONTHS) 
TExtT-FIGURE 3.— Duration of survival from date of first admission of 99 white female 
patients with multiple myeloma. The straight line was calculated by the method 
described in the text. The calculated values of the sample parameters are log 
b = 0.6665 and c = 0.7372. 


The theoretical median, 16th, and 84th percentiles of each group in 
terms of months of survival were calculated from the inverse relations: 


Median = Xy 
Xi = antilog (log 
Xu = antilog (log 6 + ¢) 
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PERCENT DEAD 


OURATION (MONTHS) 


Text-FiGcuRE 4.—Duration of survival from onset of symptoms of 214 patients with 
multiple myeloma. The straight line was calculated by the method described in 
the text. The calculated values of the sample parameters are log b = 0.9819 and 
c = 0.5416. 


where log é and ¢ are the estimates of the mean and standard deviation, 
respectively, of the random variable log z. 

Null hypotheses of no differences among the median survival times of 
the subgroups within each of the categories of age, duration of symptoms, 
and religion were tested separately for the white male and white female 
populations, with James’ procedure (28) for comparing several groups of 
observations when the ratios of the population variances are unknown. 
Since this test is strictly applicable only to complete data, the values 
shown are to be considered as close approximations to the true values. 
Owing to the small number of nonwhite patients, no breakdowns were 
made for this group. 


Total Series 


The observed cumulative percentage distribution of nonsurvivors for 
the total series is shown in text-figure 1. The scales of the axes should 
be noted: The ordinate is a normal probability scale; the abscissa is 
logarithmic, on which the duration of survival after first admission is 
plotted in months. Also shown is the line representing the calculated 
log-normal distribution most closely fitting the data. Table 1 shows that 
the agreement between the observed and calculated distribution is satis- 
factory; the P value for the Chi-square goodness-of-fit test with 5 degrees 
of freedom is 0.086. 

Calculated parameters of the log-normal distributions for each of the 
subgroups examined are given in table 2. Various measures of the dura- 
tion of survival after first admission, as determined from the calculated 
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distributions, are shown in table 3. Fifty percent of the patients died 
within 3.5 months of first admission. The mean duration of survival 
was considerably longer (11.2 months), but only 26 percent of patients 
attained this mean duration, which indicates the inappropriateness of the 
arithmetic mean as a description of the central value of survival times. 
Sixteen percent of patients lived longer than 18.1 months and 8 percent 
survived 3 years. 


TaBLE 2.—Calculated parameters of the log-normal distributions of survival for 
patients with multiple myeloma 


Males Females 


Standard Standard 
Mean deviation Mean deviation 


Variable Subgroup (log b) (c) P* (log b) (c) pe 
Race White 0.4475 0.6826 — _ 0.6665 0.7372 0.03f 
Nonwhite .5100f .5727{ 0. 85§ 
Agel 0-49 . 7560 .5270 0. 8864 0.6700 
(years) 50-59 - 4404 -6475 0.30 .8311 .7850 0.07 
60-69 - 4202 . 6886 -6158 .6505 


Duration of 0-0. 9 - 6341 
symptoms 1-5. 9 - 4365 .6094 0.90 . 5815 . 6952 0. 59 
prior to 6-11. 9 - 4686 . 6660 . 6966 . 4107 

diagnosis 120rmore_.. 5086 . 6732 9182 . 8767 

(months) 


Religion|| Catholic - 4727 . 6719 . 4581 . 6173 
Jewish - 4503 . 7354 0.85 .8690 . 7844 0.03 
Protestant - 4821 . 


*P = Probability of differences as great as or greater than those observed occurring by chance among the median 
survival times of the subgroups within each variable under the null hypothesis of no differences. Males and 
females are considered separately except for the variable of ‘‘ Race.” 

+t Comparison of white males with white females by means of the ¢-test. 

¢ Males and females combined. 

§ As compared with a group of white patients with the same sex ratio as the nonwhite group. 

ll For each variable other than race, data include only white patients. 


TaBLE 3.—Duration of survival after patient’s first admission for multiple myeloma 
as related to sex and race 


Patients 


alive at Eighty- year- 
mean dura- Sixteenth fourth survival 
Num- Median Mean tion of percen- percen- rate 
ber of survival survival* survival tile tile (per- 
Group patients (months)(months) (percent) (months) (months) 


White male 114 2. 80 8.0 29 0. 6 13. 5 4 
White female 99 4, 64 15. 2 26 0.9 25. 3 14 
Total white 213 3. 57 11.3 27 0. 7 18. 9 9 
Total non- 

white 25 3. 24 7.4 


Total series 238 


3. 53 11.2 


*Mean survival was calculated from the life tables. 
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Comparison of these findings with the results of previous studies is 
complicated by the great variation in source of patients and the choice of 
analytical method in previous studies. In general, mean durations of 18 
to 24 months from onset of symtoms to death have been reported, with 
an average time lapse of 8 or 9 months between onset of symptoms and 
diagnosis, so that the mean duration of survival after diagnosis is about 
l year. Present data are consistent with this range of estimates. Median 
durations after onset of symptoms have been reported by Bayrd and 
Heck [(/2) 6 months for 55 patients] and Carson et al. [(4) 3 months for 
60 patients]. Carson et al. also reported 18 patients with “apparent 
solitary plasmacytosis at time of diagnosis,” noting a median survival of 
more than 2 years after diagnosis for this group. 


Sex and Race 


Data for white males, white females, and nonwhites of both sexes 
are also shown in tables 1, 2, and 3, and illustrated in text-figures 2 and 3. 
For each sex goodness-of-fit tests to a log-normal distribution are also 
satisfactory (p = 0.075 and 0.15 for white males and white females 
respectively). 

The median survival time for the males is 2.80 months as compared 
to 4.64 months for the females. This difference approaches statistical 
significance, the value of P being 0.03. The 2 groups are therefore treated 
separately in the subsequent analyses. 

Videbaeck and Johansen (4) also reported slightly shorter survival 
times for males than for females. Median survival after onset of symptoms 
was 15 months for 50 males and 18 months for 20 females—both groups 
of patients were deceased at the time of report. 

The median duration for the 25 nonwhite patients, all Negroes, was 
3.24 months. The median duration for a hypothetical white group with 
the same sex ratio would be 3.16 months—neither appreciably nor sig- 
nificantly different. Rosenbaum et al. (9) presented data on 23 Negro 
patients from Harlem Hospital, New York City, over a period of 10 years. 
These patients survived “approximately six months following the onset 
of symptoms,” which is a much shorter duration than that generally 
reported for white patients. Our data suggest that the experience of 
Rosenbaum et al. may not be typical of the disease in Negro patients. 


Age 


Survival after first admission as related to age is shown in table 4. 
There is a distinct tendency, more marked for females than males, for the 
median duration of survival to decrease as age increases. However, owing 
to the small size of the subgroups, this tendency does not achieve statistical 
significance for either group. The short median duration of survival makes 
unnecessary the allowance for any component of these differences attrib- 
utable to differences between age groups in general death rates. Vide- 
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baeck and Johansen (5) and Batts (11) have also noted distinctly lower 
average survivals for patients in the 6th and 7th decades. 


TaBLE 4.—Duration of survival after a: _—, as related to age (white patients 
only 


Median Sixteenth Eighty-fourth 
Number of survival percentile percentile 
Sex Age patients (months) (months) (months) 


2.8 0. 6 

2.6 0.5 

70 or more 23 2. 5 0.5 

Females 0-49 13 1.6 
50-59 30 6. 8 11 

60-69 45 4.1 0.9 

70 or over ll 1.5 0. 2 


Duration of Symptoms Prior to Diagnosis 


The duration of symptoms prior to diagnosis was known for 89.9 percent 
(214) of the 238 patients. The mean duration of symptoms prior to diag- 
nosis for these patients was 7.8 months, but 50 percent had had symptoms 
for less than 5 months. 

The cumulative distribution of total duration of illness which dated 
from onset of symptoms for the 214 patients is shown in text-figure 4. 
The median total duration of illness was 9.6 months after onset of symp- 
toms, while the mean total duration of illness was 19.0 months. 

The duration of survival from first admission as related to duration of 
symptoms prior to diagnosis is shown, for white patients, in table 5. 
Patients who had symptoms for more than a year prior to diagnosis 
tended to have a somewhat better prognosis of survival after first admis- 
sion, but the difference is not statistically significant. There is certainly 
no indication that early diagnosis is of any benefit in prolonging life. 
This conclusion is consistent with the data of Batts (11), which also show 
a positive association between duration of symptoms prior to diagnosis 
and duration of survival after diagnosis. 


TaBLe 5.—Duration of survival after first admission as related to duration of symp- 
toms prior to diagnosis (white patients only) 


Duration of 


symptoms 
rior to Median Sixteenth Eighty-fourth 
iagnosis Number of __ survival percentile percentile 
Sex (months) patients (months) (months) (months) 
Males 0-0. 9 23 2.8 0.5 15. 7 
1-5. 9 43 2.7 ai, 
6-11. 9 15 4 
12 or more 22 


Pees Sess 
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19, 2 
12.2 
12.9 
14.0 
36. 0 
41.3 
18.5 2 
9.5 
Females 0-0. 9 17 4.3 23.9 
1-5.9 38 3.8 18.9 
6-11. 9 14 5.0 12.8 
12 or more 18 8.3 62. 4 
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Religion 


Survival after first admission as related to religion is shown in table 6. 
No statistically significant differences are evident for males, but Jewish 
women had a median survival of 7.4 months as compared with 3.0 months 
for the non-Jewish women. No unusual distribution of the Jewish females 
in terms of age or duration of symptoms could be found to account for 
this difference. A longer average survival for Jewish women compared 
with non-Jewish women was also noted in the data for chronic lymphocytic 
leukemia (17). These observations remain unexplained and may warrant 
more detailed examination of the clinical records of such patients than 
was possible in the present study. 


TaBLeE 6.—Duration of survival after first admission as related to religion (white 
patients only) 


Median Sixteenth Eighty-fourth 
Number of survival percentile percentile 
Sex Religion patients (months) (months) (months) 


Males Catholic 3.0 0. 6 
Jewish 
Protestant 


Females Catholic 
Jewish 
Protestant 
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“Oxygen Effect”’ and Tumor Size as Related to 
Response of C3H/Ba Adenocarcinoma to Local 
X Irradiation ' 


HERMAN SUIT, LAWRENCE SCHLACHTER,’ and 


J. ROBERT ANDREWS,‘ Radiation Branch, National 


SUMMARY 


The C3H/Ba mammary ad i 

transplanted into the thigh muscle of 
the C3H/He mouse, the inbred strain 
of mice in which the tumor originated, 
was studied by irradiation in vivo 
with an opposed pair of 250 kv. X-ray 
beams. Tumors7tol0 mm. in diam- 
eter were lethally damaged by 5500 r 
in greater numbers than tumors 10 to 
15 mm. in diameter. When the treat- 
ment was given while the animals 
breathed 100 percent O, under 2 atmos- 


Cancer Institute,’ Bethesda, Maryland 


atmosphere of pressure, results with 
the small (7-10 mm.) tumors indicated 
that the increased oxygen tension 
slightly enhanced the “cure rate’’; 
tumors 10 to 15 mm. in diameter did 
not show a greater “‘cure rate’’ if the 
therapy were given under increased 
oxygen tension. The data show that 
there is a rapid and progressive anemia 
(decrease in hematocrit) with growth 
of the tumor.—J. Nat. Cancer Inst. 
24:1271-1281, 1960 


pheres of pressure instead of air at 1 


EVIDENCE HAS appeared in the literature from four laboratories that 
increasing the oxygen content of air breathed by animals bearing trans- 
planted tumors during local X-ray treatment enhances the regression 
rate of the tumor mass [lymphosarcoma in mice (1); Ehrlich ascites car- 
cinoma (2); Yoshida sarcoma in the rat (3)]. We have made initial ‘oxygen 
effect” studies with the C3H/Ba mammary adenocarcinoma transplanted 
in the C3H/He mouse, the inbred strain in which the tumor originated. 
The biological endpoint that we have chosen is “local cure” or complete 
regression of the tumor mass at 3 months after therapy. Tumors of 
various sizes have been treated while the animals were breathing air at 1 
atmosphere of pressure or 100 percent oxygen at 2 atmospheres of pressure. 


1 Received for publication October 15, 1959; revised February 2, 1960. 
2 Present address: The University of Texas M.D. Anderson Hospital and Tumor Institute, Department of 
Radiology, Houston, Tex. 

3 Present address: Johns Hopkins University, Department of Radiology, Baltimore, Md. 

‘ The authors wish to acknowledge the advice and cooperation of Mrs. J. Hollcroft in planning these experiments 
and selecting the animal tumor system. Mr. N. Mantel, of the National Cancer Institute, advised us as to the 
appropriate statistical methods to evaluate our results. Mr. Robert Swain supervised our dosimetry and made 
the calculations of the tumor doses used. The C3H/Ba tumor was provided by Dr. Morris K. Barrett. 

5 National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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SUIT, SCHLACHTER, AND ANDREWS. 
MATERIAL AND METHODS 


Animal—tumor system.—Male C3H/He mice, 3 months old, weighing 
25 to 30 gm., were used in this study. These were inbred mice obtained 
from the Animal Production Facility of the National Institutes of Health. 
The tumor used, a C3H/Ba mammary adenocarcinoma that arose spon- 
taneously in this strain (C3H/He), was in the 260 to 265th generation. 
In these experiments a suspension of the tumor cells was prepared from 
the grossly viable portions of the tumor with a tissue press. In a volume 
of 0.03 to 0.05 ml., 1.8 to 10 * 10° cells were injected through a 29 gauge 
needle into the dorsal thigh muscle. The proportion of animals developing 
tumors depended on the number of cells injected. Of 166 animals inocu- 
lated with 10 * 10° cells, 165 developed tumors. The one that did not 
develop a tumor was reinoculated 2 months later by the trocar method 
and then it developed a tumor. With asmaller initial inoculum (1.8 10° 
cells) 15 percent of the mice did not develop tumors (39 of 262). Another 
inoculation, by the trocar technique, produced tumors in 38 of 45 inocu- 
lated. No instance of spontaneous regression was noted. 

Radiation technique——(1) Sources: Two 250 kv. (0.5 mm. Cu HVL) 
directly opposed beams. Dose rate = 515r per minute for the air-treated 
group and 354 r per minute for the O,-treated group. This variation of 
dose rate was accepted for convenience as the authors know of no dose-rate 
effects in this dose-rate range. (2) Shields: The experimental animal 
was tied (ventral surface up) on a %-inch thick plate of lead. The tumor- 
bearing limb was fixed across a 3.4 cm. wide cutout in the central portion 
of the plate. A similar %-inch lead plate was then supported over the 
animal. The cutouts in the plates were exactly matched for position. 
A %,-inch lead plate bordered the cutout and shielded the body of the 
animal from radiation scattered from the treatment area (figs. 1 and 2). (3) 
Dosimetry: The dose of radiation to the tumor as calculated from a 
standard depth-dose table (4) was the same for tumors of all sizes studied, 
within a range of +3 percent for a given air dose. Our dose was 5520 r 
(in air), which gave a range of 5350 to 5680 r in these experiments. The 
¥-inch lead plate transmitted only 0.03 percent of the incident radiation. 

The dose to the body of the animal, scattered through the thigh, was 
measured using a Lucite mouse-body phantom. The dose in the region 
of right lower abdominal quadrant, 2 cm. outside the treated zone, was 
0.3 percent of the dose to the tumor, or 16 r. The dose at the level of 
the head was 0.05 percent of the dose to the tumor, or3r. This irradiation 
setup thus permitted local tumor irradiation of 5500 r while the animal 
was exposed to a small mean whole-body dose—about 10 r. 

Oxygen pressure tank.—This is a 2.2 liter cylindrical Lucite tank into 
which was placed the same quality of lead shielding that was used in the 
air-treated groups. Oxygen was obtained from a commercial source. At 
the conclusion of these experiments analysis of the gas by a mass spec- 
trometer showed that oxygen comprised more than 99.5 percent of the gas. 

For irradiation of animals under oxygen at 2 atmospheres of pressure, 
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the tank was first flushed for 1 minute with a flow of about 2 to 3 liters 
per minute. The pressure was then increased gradually over a period of 
45 to 60 seconds. Pressure was maintained at this level (30 psi) during 
the treatment (up to 15 min.) and then brought down in 30 to 40 seconds 
to atmospheric level. During treatment, the flow of O, through the tank 
was 1 liter per minute. There was no instance of acute mortality during 
or immediately following this treatment. 

Estimates of tumor size.—Caliper measurements of the 2 transverse 
diameters of the tumor mass were made 2 to 3 times per week and the 
mean of these was taken as the tumor diameter. This is only an indication 
of the tumor mass; no allowance was made for skin thickness or subcu- 
taneous tissue. 

Hematocrit.—On the day prior to X irradiation of the tumor, a hemato- 
crit determination on free-flowing tail-vein blood was made according to 
the micro-hematocrit technique of Strumia et al. (5). 


RESULTS 


As an endpoint, the presence or absence of palpable mass at 3 months 
after local irradiation was selected. Animals without palpable abnor- 
mality at 3 months were counted as “cures.”’ Nine animals (table 1) died 
between the 45th and 90th days without evident tumor and these were 
counted as cures (cause of death was not determined). All instances of 
recurrent tumor were considered as “failure” ; two thirds of the recurrences 
were noted by the 45th day after the irradiation. The “failure” group 
includes a few cases in which the treatment effected only a partial resolu- 
tion of the mass before regrowth was noted; this occurred mainly in the 
“large tumor” group. Some of the animals with tumors greater than 10 
mm. in diameter died in the first 28 days after irradiation, either with 
regressing tumor or with no palpable tumor. These animals were ex- 
cluded from the data tabulations. Probably their deaths were secondary 
to the effects of large-volume irradiation. All deaths between the 28th 
and 45th days were due to regrowth. One animal was counted as a “‘cure”’ 
though it died in the 4th month of tumor in the flank (no palpable tumor 
in the thigh). Presumably this flank tumor developed from undetected 
extension of the growth into the groin-flank region at the time of treatment. 

The results from a pilot dose-response experiment (expt. I) indicated 
that about 5500 r would “cure” half of the tumors when a spectrum of 
tumor sizes (5-20 mm. diameter) were given 4800, 5500, 7500, or 8500 r. 
Only part of the data from this experiment is shown in table 1. The 
proportion of ‘‘cures” was apparently related to the size of tumor at the 
time of treatment. Two subsequent experiments, II and III, were per- 
formed to estimate the proportion of tumors controlled after one exposure 
to 5500 r when a number of tumors of each of several sizes were irradiated. 
In table 1 are recorded our results with this dose level. These data suggest 
that animals bearing tumors in the 7 to 10 mm. diameter range, irradiated 
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while breathing pure oxygen under pressure, have a slightly increased cure 
rate (P = 0.05) as compared with those breathing air. At no other size 
was there a suggestion of an enhancing effect of oxygen (x? = 0.07). We 
have irradiated a few animals with smaller tumors (less than 7 mm.), and 
of 14 treated with 5500 r, all were cured. The plot of the regression rate 
of the large tumors (10-15 mm. diameter) following 5500 r showed no 
difference of significance between the air and oxygen groups. Measure- 
ments of size after treatment were not made frequently enough to permit 
a meaningful comparison of the regression of the small tumors treated in 
air with those treated while in oxygen. 


Tas LE 1.—Proportion of C3H/Ba adenocarcinomas “cured” with a single tumor dose 
of 5500 r examined 3 months after treatment* 


Number cured/number treated Excluded animalst 


Small tumors Large tumors Average 
Experimentt (7-10 mm. diameter) (10.5-15 mm. diameter) Number _ time of death 


Air 1/5 1/8 2 7 

O; 6/9 2/8 1 2 
II 

Air 6/14 5/15 1 11 

O; 11/15 2/11 0 
III 

Air 21/24 12/20 14 14 

0; 15/17 11/17 6 14 


*Data were analyzed by the method of Mantel and Haenszel (6) to combine results from different experimental 
situations. For small tumors there was a barely significant increase in the cure rate in the animals breathing pure 
oxygen (x? = 2.76, P = 0.05), while for large tumors no effect of oxygen was indicated (x? = 0.07). There was a 
significantly greater incidence of cures in the group of small tumors than in the group of large tumors (x? = 12.8, 
P =0.001). The difference was significant between the small and large tumors for the air- and oxygen-treated 
subgroups (x? = 2.71, P = 0.05 for the air group: x? = 10.3, P = 0.001 for the oxygen group). 

tDuring treatment, the animals breathed either air under 1 atmosphere of pressure or 100 percent Os under 2 
atmospheres of pressure. 


tFourteen animals in the large-tumor groups were excluded from the data, because they died with regressing 
tumor or without tumor in the first 28 days after treatment. 


However, there was a diminishing incidence of cure with increase in size 
of the tumor mass at treatment. A significant difference (P<0.001) 
existed between the proportion of tumors cured in the 7 to 10 mm. group 
compared with those in the 10 to 15 mm. group. This was true for both 
the air- and oxygen-treated animals, but the difference was not strongly 
significant for the air group (P = 0.05). 

Hematocrit values, as determined on the day prior to the X-ray treat- 
ment, decreased rapidly with increasing tumor size. These data are 
recorded in table 2. We have made no attempt to elucidate the mecha- 
nism of the anemia that appeared with the larger tumor masses. However, 
Greenfield et al. (7) showed that the major portion of Fe™-labeled eryth- 
rocytes injected into C3H mice bearing spontaneous mammary car- 
cinoma appeared in the tumor mass. In our larger tumors extensive 
areas were grossly hemorrhagic. The relationship of anemia to the 
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reduced cure rate in larger tumors cannot be estimated at this time. 
However, it is certain that there has been a reduction of oxygen-carrying 
capacity of the blood of the animals bearing larger tumors. 


TaBLE 2.—Hematocrit values on 360 C3H/Ba tumor-bearing mice 


Tumor size Hematocrit 
Number of animals (mean diameter) (+1 S.D.) 
147 7 46+0.4 
107 10 42+0.4 
67 13 38+0.4 
31 16 30+1.4 
8 19 28+1.1 


A brisk, severe local radiation reaction was produced when 5500 r was 
delivered to the entire thigh and lowermost portions of the lower right 
abdominal quadrant. Animals with small tumors (diameter <10 mm.) 
tolerated this treatment readily. In experiment 3 there were no deaths 
in a group of 50 animals in the first 28 days after treatment, and the local 
reaction healed rapidly, leaving a functional limb. This includes the 41 
animals shown in table 1 plus 9 mice with tumors less than 7 mm. By 
contrast, 47 animals with a mean tumor diameter of 13 mm. treated with 
a single exposure of 5500 r did less well. The incidence of acute mortality 
and limb amputation in the animals with large tumors is shown in table 3. 
Although the incidence of acute mortality and severe late reaction was 
higher in the group irradiated under increased O, tension, the difference is 
not significant, 7.e., P<.0.2. The degree and extent of acute cutaneous 
reaction were not assessed. 


TasBLe 3.—Acute mortality and late local reaction after 5500 r to large tumor mass 
(13 mm. mean diameter) * 


Acute mortality Radiation amputation 


group group 
Total No. of Number Total No. of Number 
Oxygen tension in inspired air animals dead animals dead 
Air—at 1 atmosphere 24 4 20 10+ 
0O.—100% at 2 atmospheres 23 6 17 1lt 


*Acute mortality: death within 30 days not due to effect of tumor; late local reaction (amputation): assessed 
3 months after treatment. 

tIncludes 2 instances of recurrence and amputation. 

tncludes 3 instances of recurrence and amputation. 


DISCUSSION 


The response to X irradiation of a variety of biological material ir- 
radiated in both oxygenated and anoxic states has been studied in a 
number of laboratories (2). In nearly all of these, the effect of the X rays 
has been more pronounced when given in the presence of oxygen. ‘Oxy- 
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gen effect” is a term currently in wide use and may be defined as “the 
ratio of the dose needed to produce a given degree of damage when cells 
are anoxic at the time of irradiation to that which suffices to produce the 
same damage when the cells have ample available oxygen” (2). Recent 
work by Howard-Flanders and Alpers (8) and Gray (2) has shown that 
the oxygen effect is 2.5 to 3 for Escherichia coli and Ehrlich ascites cells 
treated in vitro and that the addition of quite small quantities of oxygen 
to the nitrogen sharply increases the sensitivity to X irradiation. Gray 
described his work with Deschner, which measured the production of 
chromosome abnormalities in Ehrlich ascites tumor cells irradiated in 
vitro; the maximum O, effect was 2.3, which was achieved when the partial 
pressure of oxygen was 30 mm. Hg in the suspending media, but, the effect 
was 2.0 for a partial pressure of oxygen of only 5 mm. Hg. In their in 
vitro system an anoxic tumor cell was markedly more radioresistant than 
one exposed to very small amounts of oxygen. 

To date, demonstration of the oxygen effect in transplantable-tumor 
systems has been reported in the literature by six investigators (see 
table 4). In all instances, some increased damage was observed when 
the tumor or animal was irradiated while exposed to increased oxygen 
tension. Three tumor systems (a localized lymphosarcoma in mice, 
Ehrlich ascites tumor in mice, and the Yoshida sarcoma in rats) have been 
irradiated in vivo while the animal was breathing oxygen under increased 
pressure. The proportion of regression of the tumor mass was the end- 
point in these studies. Small tumors were used in all instances. Scott 
(9) treated Ehrlich ascites tumors of approximately 2 mm. diameter and 
found that 1000 r given while the animal was breathing oxygen (1 atmos- 
phere) was as effective as 1500 r while air was breathed. He stated that 
this effect was less definite with larger tumors. 

If cure of local tumor masses is taken as the endpoint, no data are 
available on the “oxygen effect.”” Should some of the anoxic areas of a 
tumor fail to become at least partially oxygenated as a result of the higher 
tension of oxygen in the inspired air, then in spite of a more rapid regression 
of the mass, recurrence from those areas might result. 

Although studies on in vitro systems have demonstrated an unequivocal 
“oxygen effect” for several tumors, there is no clear evidence of the pres- 
ence or extent of anoxic areas in tumors, nor is it known what change 
occurs in tumor oxygen tension when the animal breathes oxygen under 
pressure. Strongly suggestive evidence has been presented from platinum- 
electrode studies. Urbach and Noell (10), using this technique, have 
found that the polarization current is sharply increased in normal skin 
and at the edge of squamous-cell carcinoma of skin when the patient 
breathes pure oxygen. No changes in the current were detected in the 
center of the tumor. Data for polarization current in tumors while the 
host breathes oxygen under pressure are not available. 

Our data show that for the transplanted mammary adenocarcinoma 
C3H/Ba there is a suggestion of an increased cure rate (P = 0.05) only 
for the smaller lesions, 7 to 10 mm. in diameter, when the mice are breath- 
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ing 100 percent O, under 2 atmospheres of pressure. Larger tumors, 10 
to 15 mm. in diameter, do not respond better when treated under that 
oxygen tension. Goldfeder (11) has irradiated an adenocarcinoma trans- 
planted into subcutaneous tissue in the flank of strain DBA mice from 
which the tumor originated. The endpoint in her studies was “total 
regression” of the tumor. In treating tumors of 5 mm. diameter, she 
found a small enhancement of the radiation effect when the animals were 
breathing oxygen at 3 atmospheres of pressure. Tumors 15 mm. in 
diameter did not respond better when the irradiation was given in an 
atmosphere of oxygen instead of air. 

Not only is the “oxygen effect” apparently dependent on the size of the 
tumor at time of treatment, but there is in our system a decreased pro- 
portion of “cures” in the larger tumors. In irradiating lymphosarcomas, 
Nice (12) found that large tumor masses were less readily curable than 
small ones. However, Ting and Johns (13), using 23 Mev X rays to treat 
in vivo Adenocarcinoma EO771 in its rapid growth phase, showed that 
there was a constant regression rate of 130 mm.’ and 1800 mm.° 
lesions, provided the dose was uniform throughout the tumor. Likewise, 
Hollcroft et al. (14), using lymphosarcomas, reported an equal percentage 
regression rate for tumors in the 660 to 3300 mm.’ size range. We used 
absence of a tumor mass 3 months after treatment, with a uniform radia- 
tion dose, and found a lower cure rate in the large tumors (10-15 mm. 
diameter) than in the small tumors (7-10 mm. diameter). 
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Fiaure 1.— Mice fixed on \%-inch lead plate for local irradiation of right thigh. 


Ficure 2,—Setup for irradiation of mouse thigh by 2 opposed 250 kv. X-ray beams, 
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The DNA Content of Tumor Cells. 
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tions During the Formation of Hepatomas in 


Rats ' 
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SUMMARY 


The cytology of hepatic cells during the 
process of carcinogenesis was studied in 
rats fed with a protein-deficient DAB 
(4-dimethylaminoazobenzene) diet. 
Emphasis was placed on the induction 
of mitotic irregularities and the forma- 
tion of cells containing aneuploid 
amounts of DNA, which was quantita- 
tively determined by the microphoto- 
metric method of Patau. The results 
indicate that DAB causes severe damage 
to the cells, ranging from chromosomal 
abnormalities such as chromosome 
fragments and bridges to spindle ir- 
regularities such as tripolar mitoses 
and unequal chromosome distribution. 
These abnormal mitoses lead to the for- 
mation of a population consisting of 
cells with different aneuploid amounts 


of DNA. The alteration from a geneti- 
cally homogeneous to a genetically 
heterogeneous cell population occurs in 
the precancerous liver of DAB-fed rats 
before any definite tumors can be 
recognized. The hepatomas studied 
contain cells having a predominantly 
subtetraploid DNA content or a multi- 
ple of this aneuploid DNA value. Two 
hepatomas of the same liver lobe can 
differ from each other in their average 
DNA content. The significance of mi- 
totic abnormalities, the occurrence of 
a genetically heterogeneous cell popu- 
lation, and the selection of a particular 
cell line are discussed in regard to the 
formation of neoplastic cells.—J. Nat. 
Cancer Inst. 24: 1283-1297, 1960. 


SEVERAL TRANSPLANTED (1-4), experimentally induced (6), and 
spontaneous neoplasms (6-10) consist of cell populations containing 
aneuploid chromosome numbers or aneuploid deoxyribonucleic acid 
(DNA) values. Alterations of chromosome structure (6, 11) or of 
chromosome composition (12) were observed in instances where the 
chromosome number remained diploid. Only fragmentary information 
is available as yet in regard to the mechanism leading to these chromosomal 
deviations. Boveri, as early as 1914 (13), considered abnormalities of the 
mitotic process to be the most likely factor causing an unbalanced 
chromosome complement. Later, however, the occurrence of abnormal 
mitosis was generally assumed to be the result, rather than the cause, 
of malignancy. In recent years (14), irregularities of the mitotic process 
have again been taken into consideration as important factors in the 
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transformation of a normal cell into a malignant one. This study (14), 
performed on tissue culture, has been regarded as a model experiment for 
chromosome alterations during the development of malignancy in vivo. 

The present investigation was undertaken to study the occurrence of 
mitotic irregularities and aneuploid cells during the induction of 
neoplasia. Hepatomas in rats fed 4-dimethylaminoazobenzene? (DAB) 
were used because hyperplasia, precancerous lesions, and formation of 
hepatomas follow each other in an established pattern, which affords an 
opportunity to study each individual step. The parenchymal cells are 
relatively large and facilitate a more detailed analysis of the irregularities 
in the mitotic cycle. The induction of mitosis by partial hepatectomy 
makes it possible to examine the effect of a short-term application of DAB 
on the mitotic process. 


MATERIALS AND METHODS 


Male rats of the Sprague-Dawley strain, weighing 160 to 180 gm., 
were used throughout the experiment. The 4-dimethylaminoazobenzene 
(DAB) was dissolved in corn oil and added to a protein-deficient diet (15). 
The concentration of azo dye in the diet was 0.06 percent. Food and 
water were available to the rats at all times. 

Partial hepatectomies were performed according to the technique of 


Higgins and Anderson (16). Removal of the median and left lobes of the 
liver produced approximately a 70 percent loss of liver tissue. The 
animals were killed 2 days after partial hepatectomy and the livers 
removed for cytological studies. 

For the microscopic examinations small pieces of liver were fixed in 
3:1 ethyl alcohol-acetic acid, processed through the usual alcohol-benzene- 
paraffin schedule, sectioned at 10, 15, and 20 y, and stained by the Feulgen 
technique (17). 

The amount of deoxyribonucleic acid (DNA) per nucleus was deter- 
mined with a microspectrophotometer similar to that described by Swift 
(18). The two-wavelength method of Patau (19, 20) was applied (9). 
Only metaphase plates lying parallel to the plane of sectioning were 
selected for the DNA measurements. The symbol C is used in the present 
paper for the amont of DNA corresponding to a nucleus with a haploid 
chromosome number. A diploid, tetraploid, octoploid, or 16-ploid 
amount of DNA is represented as 2C, 4C, 8C, or 16C, respectively. The 
ordinate was subdivided in arbitrary units: 2C, 4C, and 8C correspond to 
the units 6, 12, and 24, respectively, to facilitate the recognition of 
aneuploid values. Metaphase plates of a diploid, tetraploid, or octoploid 
cell have a DNA content of 4C, 8C, or 16C, respectively, which at anaphase 
is divided and gives rise to a DNA content of 2C, 4C, and 8C, respectively, 
in the nuclei of the daughter cells. Cells at metaphase having a 4C, 8C, 


3 Chemical Abstracts’ nomenclature: N,N-dimethyl-p-phenylazoaniline, 
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or 16C DNA content are referred to in the text as diploid, tetraploid, 
or octoploid cells. This seems to be justified since, for instance, a 
tetraploid DNA content at metaphase does not indicate a tetraploid 
number of chromosomes but a diploid one with twice the amount of DNA. 
The estimation of normal and abnormal mitosis was done on 15 yu sections 
stained with the Feulgen reaction (17). Spindle figures were studied on 
10 » sections stained with a 1 percent aqueous toluidine blue solution. 
A total of 150 mitoses per liver were examined when a high percentage of 
abnormal mitoses were present, as in the DAB-fed rats, and 200 mitoses 
were screened in hepatic tissues of normal young rats or in regenerating 
livers in which mitotic irregularities were scarce. 


RESULTS 


Frequency of Irregular Mitoses 


Active cell proliferation, with numerous mitoses, is induced in hepatic 
tissues of rats fed a DAB diet for several months (21-23). These mitoses 
were screened for abnormalities at different time intervals after the 
introduction of DAB in the diet. The pathological mitoses, expressed 
as percentage of the total number of mitoses examined, are presented in 
table 1. The number of mitotic irregularities found in livers of young 
rats weighing 50 to 60 gm. are given as control values. These data 
include the types of irregularities recorded in table 3 and, in addition, the 
multipolar mitoses. No attempt was made to distinguish between 
diploid, tetraploid, and octoploid nuclei because the increasing number of 
aneuploid cells in the liver of DAB-fed rats (text-fig. 3) makes such 
classification impossible. 


TaBLE 1.—Mitotic irregularities in hepatic cells expressed as percentage of total 
number of mitoses examined 


Abnormalities (percent) 


Group Individual cases Average 
4 Months on DAB 50 45 34 32 32 30 25 35. 4 
6 Months on DAB 51 45 44 39 38 34 33 40. 6 


Mitoses are uncommon in hepatic tissue during the 1st month of in- 
gestion of DAB. Only 1 mitosis per 50 to 60 thousand cells can be observed, 
which corresponds to the mitotic rate of a normal liver of an adult rat 
(24-26). It was necessary to induce mitosis by a method which does not 
cause any significant number of pathological mitoses in order to study 
the influence of short-term ingestion of DAB. The removal of two liver 
lobes was found suitable for this purpose; a high mitotic rate is induced in 
the remaining hepatic tissue, and the mitotic irregularities do not exceed 
3 percent (table 2). The effect of DAB on these experimentally induced 
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mitoses could be studied, and the results are recorded in table 2. The 
same types of abnormal mitoses were observed as those reported in tables 
3 and 4. 


TaBLE 2.—Mitotic irregularities in hepatic cells expressed as percentage of total 
number of mitoses examined 


Abnormal mitoses (percent) 


Group Individual cases Average 


Partial hepatectomy 2 2 2.1 
Partial hepatectomy after: 
14 Days on DAB 46 42 40 39 38 29 41.3 
4 Weeks on DAB 41 40 32 30 25 24 33. 3 
8 Weeks on DAB 55 52 44 43 33 22 43. 6 


Morphology of Abnormal Mitosis 


An attempt was made to obtain a quantitative estimate of the different 
types of abnormalities present in hepatic cells of DAB-fed rats. Such a 
study is subject to certain errors that tend to minimize the real number of 
abnormal mitoses. For example, small chromosome fragments lying above 
or below the intensely stained anaphase or telophase nuclei can easily 
escape detection. Aberrant chromosomes distributed throughout the 
cytoplasm are sometimes located in two adjacent, different sections and 
will therefore be overlooked in the counts. Irregularities during the 
metaphase stage are especially difficult to evaluate. Chromosomes located 
outside the metaphase plate (figs. 1 and 2) might either move prematurely 
to one of the centrosomes or be included in the equatorial plate. In the 
first case, two daughter nuclei with different chromosome numbers will 
be formed, whereas in the second, the mitosis might be completed in a 
normal pattern. To avoid these errors as far as possible only definite 
irregularities during anaphase and telophase have been quantitatively 
evaluated. This limitation seems to be justified since it is well known 
that processes leading to an imbalanced chromosome complement occur 
most often at these later stages of the mitotic cycle. 

The irregularities present at the anaphases and telophases of hepatic 
cells of DAB-fed rats are given in table 3. The different mitotic abnormal- 
ities observed in the liver of DAB-fed rats that had a partial hepatectomy 
are recorded in table 4. 

Most common of all the abnormalities was the presence of acentric 
chromosome fragments, generally located between both anaphase and 
telophase nuclei (figs. 7, 8, and 9). The size of these chromosome frag- 
ments ranged from smaller than a micron to almost the size of a chromo- 
some. The origin of these fragments remains doubtful. They may be the 
result of chromosome breaks during the interphase stage or they may be 
caused by breakage of chromosome bridges, which are quite common 
in the liver of DAB-fed rats (tables 3 and 4; figs. 4 and 5). Some of these 
chromosome fragments are not included in the telophase nucleus. They 
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can be found in the cytoplasm of a cell during interphase (fig. 11), which 
indicates that deletion of the genetic material in at least one daughter 
cell must have occurred. 

Aberrant chromosomes made up about 10 percent of all abnormalities 
(fig. 6). Chromosomes which were located in the cytoplasm outside 
of the spindle figure or between the telophase nucleus and the centrosome 
have been included in this group. It must be assumed that some of the 
structures counted as aberrant chromosomes are really chromosome 
fragments, since a detailed chromosome study was impossible on the 
sectioned material. 

The unequal distribution of genetic material during mitosis was studied 
by comparing the DNA content of telophase nuclei of both daughter cells. 
An equal distribution of chromosomes will yield the same amount of 
DNA in telophase nuclei, whereas an unequal distribution of genetic 
material should be revealed by different quantities of DNA in both 
daughter nuclei. It is essential that the data on DNA be very accurate, 
since only small differences in DNA quantity can be expected from the 
unequal distribution of a few chromosomes. Therefore, each telophase 
nucleus was measured 16 times and the average value taken for calculating 
the ratios of smaller to larger nuclei. Errors due to incorrect readings 
of the diaphragm size were eliminated by using the same diameter for both 
corresponding telophase nuclei. Errors due to differences during the 
fixation process are apparently minimal, since both telophase nuclei 
are located relatively close together. The results obtained on nuclei of 
regenerating liver are, therefore, in good agreement with theoretical 
values (table 5). The scattering of DNA values is considerably smaller 
than those given in text-figures 2 and 3, where the measurements per 
nucleus were repeated only once and the size of the diaphragm was 
frequently altered according to the size of the nuclei. The amount of 
DNA in 70 pairs of telophase nuclei from the liver of a rat fed a DAB 
diet for 5 months was examined. In twelve of these telophase pairs, 
each telophase nucleus contained a different amount of DNA (table 5). 


TaBLe 5.—DNA ratios of smaller to larger telophase nuclei 
of individual hepatic cells 


DAB: proliferating liver of 
Controls: regenerating liver rat fed a DAB diet for 5 
after partial hepatectomy months 


232338888888 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


DNA CONTENT AND INDUCTION OF HEPATOMAS 1289 


A series of irregularities affecting the extrachromosomal mitotic appa- 
ratus are common to the livers of all DAB-fed rats examined. The 
most obvious ones are multipolar spindles (fig. 3) and distortion of telo- 
phase nuclei (fig. 10). The length of spindle figures shows greater varia- 
bility and is, on the average, shorter than in normal regenerating hepatic 
tissue. Four samples are given in text-figure 1 which indicate the inter- 
polar distance measured at early telophase stages of sections stained with 
toluidine blue. Monopolar mitosis and scattered chromosomes resembling 
a C-mitosis are not so frequent. Inhibition of spindle formation or 
function might be the cause of the formation of highly polyploid nuclei 
in the precancerous liver (text-fig. 2). Figure 12 gives a sample of a 
polyploid nucleus containing an amount of DNA equivalent to 64C. 


control 


control 


Number of Measu 
2 © 


16 


Length 


18 


TEXT-FIGURE 1.—Length of spindle fibers of hepatic cells from two regenerating livers 
after partial hepatectomy (controls) and from two precancerous livers (DAB) of 
rats fed a DAB diet for 4 months. Length is expressed in arbitrary units. 


DNA Content of Precancerous Cells 


The DNA content of hepatic cells of adult rats weighing 180 gm. fell 
into distinct classes corresponding to a diploid, tetraploid, and octoploid 
amount of DNA (text-fig. 2). Intermediate DNA values, however, are 
found in the mitotically active tissue of a regenerating liver after partial 
hepatectomy (text-fig. 2). It is assumed that these intermediate DNA 
values are caused by the gradually increasing amount of DNA before 
onset of mitosis (27-29). Under such conditions, it becomes impossible 
to distinguish intermediate DNA values caused by an aneuploid chromo- 
some number from those caused by DNA synthesis in preparation for 
the next mitosis. The intermediate DNA values in the liver of rats fed 
a DAB diet for 5 months might therefore belong to either of both cell 
types (text-fig. 2). 
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TEXT-FIGURE2.—DNA content of interphase nuclei of normal liver, regenerating 


liver after partial hepatectomy, and precancerous liver (DAB liver) of a rat fed 
DAB diet for 5 months. 


The DNA content of metaphase, anaphase, and telophase nuclei was 
examined to exclude this interference due to DNA synthesis. Since no 
DNA synthesis occurs at these particular mitotic stages, an aneuploid 
DNA content indicates an aneuploid chromosome complement. Four 
samples are given in text-figure 3, which illustrates the DNA distribution 
in livers of rats kept for 4 and 6 months on a DAB diet. The DNA content 
of metaphase nuclei was examined in two specimens and that of early 
telophase nuclei in two others. While the DNA content of the majority 
of cells was in the diploid range, a large number of aneuploid cells was 
observed in all 4 livers studied. The DNA content of metaphase nuclei 
from a regenerating liver after partial hepatectomy is included as a control. 
The absence of any intermediate DNA values in the normal liver indicates 
the presence of strictly euploid cells. It can, therefore, be concluded 
that the relatively large number of aneuploid cells present in the pre- 
cancerous livers was caused by prolonged ingestion of DAB. 


DNA Content of Hepatoma Cells 


Four definite tumors that could be classified histologically as pure 
hepatomas were selected for the DNA measurements. The results for 
metaphase nuclei are given in text-figure 4. A large number of hepatoma 
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TEXT-FIGURE 3.—DNA content of metaphase and telophase nuclei from regenerating 
liver after partial hepatectomy and from precancerous livers (DAB liver) of 4 rats 
fed DAB diet for 4 (2d and 4th line) and 6 (3d and 5th line) months. 


cells accumulate around suboctoploid DNA values, which thus indicates 
a subtetraploid chromosome complement. The average DNA content is 
18.4 for A119, 19.9 for A2, 21.7 for Al2la, and 18.8 for Al21b. The 
relatively narrow spread of the suboctoploid DNA values of metaphase 
plates, which does not significantly exceed the scattering in normal 
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Text-FicuRE 4.—DNA content of metaphase nuclei of four hepatomas. 


metaphase nuclei, indicates the presence of one particular cell line. Cells 
containing larger amounts of DNA than were present in the dominant 
class were found in varying numbers in all hepatomas. They tend to a 
DNA value approximately twice that of the suboctoploid cells. It 
appears likely, therefore, that they represent polyploids of the lower 
aneuploid cell lines. In addition to both of these aneuploid lines, several 
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cells have a normal tetraploid content of DNA. This becomes apparent 
from the histograms for tumor A121b and, to a lesser degree, from those 
for tumors A, and Al2la. Those cells having a tetraploid amount of 
DNA may be tumor cells or normal hepatic cells overgrown by the hepa- 
toma cells. 


DISCUSSION 


The induction of a genetically unbalanced cell population and subse- 
quent selection are two factors operating in the development of new cell 
lines in tissue culture (2, 14, 30, 31). *The question arises whether both 
factors are involved in the formation of neoplastic cells, which was the 
problem under investigation in this study. 

The data presented permit the conclusion that DAB influences the 
genetic material of the nucleus. The nuclear changes induced by DAB 
range from damage to the chromosomes, such as chromosome breakage 
and chromosome bridges, to abnormalities of the mitotic apparatus, such 
as multipolar spindles. The occurrence of mitosis in hepatic cells is man- 
datory for the manifestation of the chromosomal abnormalities and their 
transmission to future cell generations. The alteration of the genetic 
composition occurs therefore at the stage of proliferation induced by pro- 
longed feeding of DAB. It is of interest to note in this connection that 
the ingestion of DAB must continue beyond the burst of mitosis in order 
to produce hepatomas (32, 33). The action of DAB appears, therefore, 
to be twofold: (1) It induces mitosis. (2) It induces chromosomal ab- 
normalities. A large number of irregular mitoses occurs if cell divisions 
are experimentally provoked by partial hepatectomy as early as 14 days 
after the initiation of DAB feeding. The premature occurrence of abnor- 
mal mitosis in regenerating liver of DAB-fed rats may be an important 
factor in the enhancement of hepatoma formation produced by partial 
hepatectomy (33, 34). 

The observed nuclear effect raises the question of the extent to which 
DAB can be considered a mitotic poison. If the definition is accepted 
that any agent affecting mitosis can be classified a mitotic poison (35) it 
would appear justified to include DAB. However, the relatively long 
period of DAB ingestion necessary to produce a mitotic effect makes it 
doubtful whether DAB directly interferes with the mitotic process. In 
addition, the broad spectrum of DAB-induced mitotic irregularities con- 
trasts with the selective effect of most mitotic poisons. It must, there- 
fore, be kept in mind that the mitotic effect of DAB might be a secondary 
reaction, the result of the capacity to bind a specific protein fraction of 
the liver (36). 

The large number of chromosomal and mitotic irregularities results in 
the formation of a genetically heterogeneous population consisting of 
hepatic cells with values for DNA contents ranging from subdiploid to 
64-ploid. A part of these abnormal cells seems to be unable to proliferate. 
For example, no cells with a DNA content larger than 16C were ever 
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found in mitosis. A large number of aneuploid cells are capable of further 
cell divisions, as shown by the presence of metaphases and telophases 
with aneuploid DNA values. This alteration from a genetically homo- 
geneous to a genetically heterogeneous cell population occurs at what is 
generally considered a precancerous stage, before any tumors can be 
clearly recognized histologically. 

The aneuploid DNA values found in hepatic cells of precancerous livers 
correspond to the aneuploid chromosome numbers observed after DAB 
feeding (37-39). It can, therefore, be concluded that the aneuploid 
amounts of DNA are caused by aneuploid chromosome numbers rather 
than by altered polyteny of chromosomes or excessive DNA production. 

An approximately aneuploid modal value in the subtetraploid range is 
found for the DNA content of most hepatoma cells. Cells having a DNA 
content twice that of the modal value are present in all the hepatomas 
examined. They can be considered as polyploids of the subtetraploid 
cell lines. Of particular interest is the relatively small scattering of sub- 
tetraploid DNA values, thus indicating the presence of one cell line. The 
simplest interpretation of these results is to assume that certain subtetra- 
ploid chromosome combinations have a seldctive advantage over others 
and will therefore overgrow the cell population, a conclusion reached by 
Winge as far back as 1930 (40). 

If the results of the in vitro experiments by Levan and Biesele (14) are 
compared with those presented here, a striking similarity is obvious. In 
both instances mitotic irregularities lead to a genetically heterogeneous 
population from which particular aneuploid stemlines are selected which 
give rise to the tumor-cell population. 
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Hepatic cells in precancerous livers of rats fed a DAB diet for 5 months—Feulgen 
reaction 


Ficure 1.—Metaphase nucleus of diploid cell with one aberrant chromosome and 
one chromosome fragment. 


FiaureE 2.—Metaphase nucleus of tetraploid cell with one aberrant chromosome. 
Figure 3.—Tripolar mitosis. 


Ficure 4.—Early telophase nuclei with one chromosome bridge. 


Figure 5.—Early telophase nuclei with two chromosome bridges. 


Fiaure 6.—Anaphase or telophase nuclei with two aberrant chromosomes. 
Ficure 7.—Telophase nuclei with one aberrant chromosome. 

Figure 8.—Anaphase nuclei with one chromosome fragment. 

Fiacure 9.—Telophase nuclei with two chromosome fragments. 


Ficure 10.—Telophase showing distortion of one telophase nucleus and one chromo- 
some fragment. 


Figure 11.—Interphase nucleus and micronucleus of one hepatic cell. 


Figure 12.—Giant nucleus containing a DNA amount of 64C. 
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Enhancement of Mitotic Activity by Fluorene 
Derivatives |: 


FRANZ MOEWUS,*? Applied Research Laboratories, 
Miami Springs, Florida 


SUMMARY 


Twelve fluorene derivatives represent- 
ing simple modifications of the basic 
fluorene molecule have been studied 
for their effect on two unicellular Flag- 
ellata: Polytoma uvella, a chlorophyll- 
free, heterotrophic Volvocales, and 
Astasia longa, a heterotrophic, eugle- 
noid flagellate. The experiments were 
evaluated by nuclear counts after 21 
hours (Polytoma) and 48 hours (Asta- 
sia) of incubation in the presence and 
absence of the fluorene derivative. 
Owing to the high sensitivity of the two 
assay systems, a wide dose range, from 
10-5 g/ml. to 10-" g/ml. could be stud- 
ied. The response of the organisms 
consisted in an altered division rate. 
The dose-response curves were typical 
for each agent. Fluorene was inactive 
in both test systems; aminofluorene 
was active. Acetylation of amino- 


fluorene, particularly in the 2-posi- 
tion, added biological activity to the 
aminofluorene molecule. Diacetylation 
strengthened this effect. Hydroxyla- 
tion of fluorene was more effective in 
the 1- or 3-position than in the 2-posi- 
tion. The most active compound as- 
sayed in this series was 3-OH-2-FAA 
[N-(3-hydroxy)-2-fluorenylacetamide]; 
10- g/ml. still induced 20 percent 
enhancement of the mitotic rate. 
Deviation of +10 percent from the 
baseline (untreated culture) can be 
considered significant under the stand- 
ard conditions described. The useful- 
ness of protozoa for certain aspects of 
cancer research is discussed. Simi- 
larities of the physiological character- 
istics of the protozoan cell and the 
mammalian cell are pointed out.— 


J. Nat. Cancer Inst. 24:1299-1308, 1960. 


SINCE THE discovery of the carcinogenicity of N-2-fluorenylacetamide 
18 years ago (1), more than 400 papers have been published on the 
chemistry, carcinogenicity, and metabolic effects of various fluorene 
derivatives. In their review (2), Weisburger and Weisburger stated that 
“. . . the knowledge thus gained is, nevertheless, clearly insufficient to 
reach any conclusions regarding the intimate mechanism involved in the 
conversion of normal cells into malignant cells.’ Laird and Miller (3) 
and Laird and Brandon (4) reported that in the liver of rats fed acetyl- 
aminofluorene the appearance of new cell types and of tumor formation 
was preceded by enhanced mitotic activity, as established by cell counts 


' Received for publication October 27, 1959; revised February 1, 1960. 


? This investigation was supported by research grant C-3786 from the National Cancer Institute, National 
Institutes of Health, Public Health Service. 


* Deceased. Manuscript prepared by Liselotte Moewus. 
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after rats were treated for 4 and 7 weeks. Their investigation proves 
the difficult: of elucidating, in animal experiments, the “intimate mech- 
anism involved.” 

For this reason various microbial systems have been used by other 
investigators (5-7) for studying the effect of fluorene derivatives on the 
growing cell. The results obtained have been expressed mostly in terms 
of growth inhibition. However, Loveless et al. (6) pointed out the im- 
portance of distinguishing between growth inhibition and division inhibi- 
tion. The experimental conditions should be arranged in such a way 
that only one of the effects is under investigation. Roth (7) described 
a slightly increased growth rate of Tetrahymena pyriformis if fluorenamine 
(3.95 < 10-* m) was incorporated in a synthetic medium while a proteose- 
peptone medium did not give this effect. Higher doses were inhibitory. 

The studies reported here were concerned with enhancement of mitotic 
activity by fluorene derivatives in two microorganisms used as assay 
systems. The experiments showed the effect on cell division rates; the 
number of cells produced was controlled by the supply of standard 
medium. Both organisms proved highly sensitive in their response. 
Doses beyond the inhibitory range of the agent tested could be offered. 
An attempt has been made to differentiate the effect of 12 fluorene deriva- 
tives according to their mode of action and their molecular structure. 


MATERIALS AND METHODS 


Polytoma uvella (strain WH).—This organism is a chlorophyll-free, 
unicellular phytoflagellate, belonging to the Volvocales. Its nutritional 
requirements are strictly heterotrophic. In the standard assay medium 
(SAM), which contains 0.4 percent Trypticase (Baltimore Biological 
Laboratories) and 0.2 percent yeast extract (Difco), it grows with a 
2-hour nuclear doubling time. The maximal mitotic activity is found 
between 18 and 21 hours of incubation at 25°C. Stock cultures are 
maintained in 0.4 percent Trypticase, 0.2 percent yeast extract, 0.1 
percent sodium acetate, and 1.5 percent Difco agar. Details of the 
division pattern, culture methods, and assay procedure have been de- 
scribed elsewhere (8, 9). 

Astasia longa.A—This organism is a chlorophyll-free, euglenoid flagellate. 
Stock cultures are maintained in SAM, since the organism does not grow 
on agar. Transfers have to be made weekly—25° C. proved to be the 
optimal temperature. Stationary cells of 7-day-old stock cultures were 
used as seed for the experimental tubes (Kimble screw-cap tubes). At 
zero time, 50,000 cells in 0.1 ml. of SAM were added to 2 ml. aliquots of 
SAM supplied with graded dilutions of the fluorene to be tested. Three 
to five replicate cultures were initiated for each material. The cultures 
were placed in tissue-culture racks, in horizontal position, and were incu- 
bated at 25° C. 


4A culture of Astasia longa was supplied by Dr. W. H. Schoenborn, Department of Zoology, University of 
Maryland. 
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Between the 2d and 5th days, growth was logarithmic with a cell 
doubling time of 17 hours. At 48 hours, the most convenient observation 
time for this organism, cells were killed by the addition of 0.2 ml. of 
Lugol’s solution (1 percent iodine in alcohol). Replicate cultures were 
pooled and cell concentrations of the pools were determined by direct cell 
counts in a hemocytometer. From each pool 800 to 1,000 cells were 
counted to assure statistical significance of the results. 

Solubility problem.—Since most of the fluorene derivatives tested were 
virtually insoluble in water, they were dissolved in propyleneglycol 
(PGI), to give concentrations of 1 mg. per ml. Further dilutions were 
made with hot SAM, heated almost to boiling. At a concentration of 
0.1 percent this solvent does not interfere with the growth of P. wvella, 
and drug concentrations of 0.001 mg. per ml. or less could be tested in 
this system. Most of the experiments were carried out with A. longa, 
since this organism tolerates 1 percent propyleneglycol and effects of the 
agents given in a wider dose range could be studied. 

Two sets of controls were initiated for each experiment: SAM cultures, 
to indicate whether the over-all conditions of the experiment were satis- 
factory, and SAM cultures supplemented with 1 percent propyleneglycol 
for Polytoma and 0.1 percent for Astasia experiments. The latter were 
used as a baseline for evaluation of the effect of the compound tested. 


EVALUATION OF RESULTS 


A standard-reference growth curve had to be established for each of 
the two organisms to define the period of logarithmic growth. The data 
for Polytoma were obtained by nuclear counts. Table 1 represents the 
original data of the Polytoma experiment. SAM control and SAM + 0.1 
percent propyleneglycol do not differ; therefore the latter can be used as 
a baseline for the evaluation of counts of cultures treated with N-2-fluo- 
renylacetamide at different dose levels. Enhancement of mitotic activity 
is expressed as plus percent over the baseline; inhibition is expressed as 
minus percent. The enhancing effect was most pronounced at 21 hours 
of incubation. After it was found that 21 hours of incubation were 


TaBLE 1.—Effect of N-2-fluorenylacetamide on the mitotic rates in Polytoma wvella 
(nuclei/ml. X 10°; effect in %) 


SAM 
Hours SAM +PGIl_ 10-%(g/ml.) 10-7(g/ml.) 10-8(g/ml.) 10-*(g/ml.) 


of 
incuba- (Nuclei/ml.) Nuclei/ Per- Nuclei/ Per- Nuclei/ Per- Nuclei/ Per- 
tion ml. cent mi. cent ml. cent ml. cent 
15 125 122 65 —47 115 —6 128 +5 130 +7 
17 155 145 75 —48 130 -8 185 +27 150 +3 
19 268 274 #110 —60 231 —16 499 +82 282 +3 
21 480 490 190 -—6l 440 -8 1,194 +141 500 +2 
23 900 904 300 —67 820 -9 1,609 +77 928 +3 
25 1,347 1,330 320 = 1,220 -—8 1,600 +20 1,328 0 
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optimal, further Polytoma assays were simplified so that cultures with or 
without the chemical were compared only after 21 hours of treatment. 
In Astasia cultures growth was logarithmic from the 2d to the 5th day 
of the 7-day culture period when final cell yields were reached. The most 
convenient incubation time was 48 hours. Therefore comparative counts 
of the assayed substances and controls were made after 48 hours. Table 
2 shows that the data in two independent experiments are reproducible. 


TasBLe 2.—Effect of N-2-fluorenylactamide on Astasia longa in 2 replicate experiments 
after 48 hours (nuclei/ml.) 


2-FAA SAM + 
(ug./ml.) 10.0 1.0 0.1 0.01 0.001 PGI 


Expt. 1: 
Seed cells: 
110,612 168,361 130, 471 140,860 138, 988 


25,000/ml. 83,722 113,974 172,556 139,334 140, 556 | 137,960 139, 334 


The following fluorene compounds have been assayed °: 
(1) F=Fluorene 
(2) 1-FA=1-Fluorenylamine or l-aminofluorene 
(3) 1-FAA=N-1-fluorenylacetamide or 1-acetylaminofluorene 
(4) 2-FAA=N-2-fluorenylacetamide or 2-acetylaminofluorene 
(5) 1-diAAF=N, N-diacetyl-1-aminofluorene 
(6) 2-diAAF = N, N-diacetyl-2-aminofluorene 
(7) 1-OH-F = 1-Hydroxyfluorene 
(8) 2-OH-F =2-Hydroxyfluorene 
(9) 3-OH-F =3-Hydroxyfluorene 

(10) 1-OH-2-F AA= N-(1-hydroxy)-2-fluorenylacetamide 

(11) 3-OH-2-FAA= N-(3-hydroxy)-2-fluorenylacetamide 

(12) 7-OH-2-FAA= N-(7-hydroxy)-2-fluorenylacetamide 


A. Effect of N-2-fluorenylacetamide (2-FAA) on Polytoma uvella 


Text-figure 1 shows that the final yields of cells in cultures treated with 
the carcinogen at dosage levels 10-7 and 10-° g/ml. were not affected. 
However, with 10~* g/ml. of 2-FAA the nuclear rate was enhanced. The 
number of nuclei of treated cells doubled within 80 to 90 minutes, com- 
pared with 120 to 130 minutes in control cultures. The final cell level 
was reached 4 hours earlier. It should be mentioned that in the presence 
of 2-FAA 10-7 and 10-* g/ml. some abnormal cell divisions and some 
monster cells could be observed. 

Table 3 compares the effect of 2-FAA and of benzidine on the mitotic 
activity in P. wvella (9). Both substances are known as carcinogenic 
agents. While 0.01 ug. per ml. of 2-FAA gave 141 percent of enhance- 
ment, a dose of 0.1 ug. per ml. of benzidine was necessary to reach maximal 
enhancement (103%). 


5 I want to express my gratitude to Dr. F. R. Ray, Cancer Research Laboratory, University of Florida, for 
supplying these carcinogens and for his kind interest in this investigation. 
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ML. 


LOGARITHM OF NUMBER OF NUCLEI 
+ 


23 25 27 

TEXT-FIGURE 1.—Effect of N-2-fluorenylacetamide on Polytoma wvella. SAM 
control = @—@; SAM + 0.1% PGl = O—O; 2-FAA: 10-* g/ml. = X—xX, 

10-7 g/ml. = +—-+, 10-8 g/ml. = O—D, 10” g/ml. = A—A. 


TaBLe 3.—Effect of N-2-fluorenylacetamide on 
the mitotic rate of Polytoma uvella (% of 
inhibition or enhancement—baseline 
cultures = 0) 


2-FAA 
(percent) 


Benzidine 
(percent) 


— 48 
+103 


0 
Not tested 


Control cultures = 0 
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B. Effect of Fluorene Derivatives on Astasia longa 
Fluorene itself had no effect on the treated cultures, as shown in table 4. 


TaBLe 4.—Cell yields of Astasia longa 
after 48 hours’ treatment with 
fluorene at different dose levels 


Dose (g/ml.) Nuclei/ml. Effect in 
percent 


10-8 176, 916 
10-° 187, 600 
10-7 180, 584 
10-8 182, 112 


Control 181, 112 


Activity of acetylaminofluorene and diacetylaminofluorene (text-fig. 2).— 
1-FAA and 1-diAAF had no inhibitory effect, while the two 2-substituted 
compounds 2-FAA and 2-diAAF were inhibitory at doses of 1.0 and 10 
ug. per ml. In each, the effect of the diacetylated substance was about 
10 times higher than the effect obtained with the monoacetylated com- 
pounds, if the endpoints of their active dilutions are compared. The 
wide, bell-shaped curves seem typical for the response when the acetyl- 
amino group is found on the 1-position, indicating a high but rather general 
sensitivity of the cells toward the agent. The narrow, sharp, pronounced 


+ 


SAM CONTROL + O 


, MITOTIC ACTIVITY IN PERCENT 
8 


§ 


TEXT-FIGURE 2.—Dose response of Astasia longa to acetyl- and diacetylfluorenes. 


@—@ = 1-FAA; O—O = 1-diAAF; X----x = 2FAA; +----+ =2 
diAAF. 
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peaks of the curves of 2-FAA and of 2-diAAF reflect a very distinct and 
specific response of the cells; 1 ug. per ml. of 2-FAA resulted in 19 percent 
of inhibition of the mitotic rate, while 0.1 yg. per ml. induced maximal 
activity of 39 percent. A similar pattern of enhanced mitotic activity 
was recently described for kinetin, tested on P. wvella (9). Whether the 
differences in degrees of enhancement, expressed in the maximal per- 
centages (ranging from +45% for 1-FAA to 35% for 2-diAAF), are of 
biological importance cannot be decided yet. The graphs are summarized 
from 3 parallel experiments. 

Activity of hydroxylated fluorenes.—Text-figure 3 shows the results ob- 
tained with fluorenes, hydroxylated in the 1-, 2-, and 3-position. The 
most active compound was 3-hydroxyfluorene, which was comparable in 
its activity to 1-diAAF (text-fig. 2). The maximal effect was 55 percent 
enhancement; 1-OH-F and 3-OH-F were very similar in their dose-effect 
curves, although maximal enhancement was achieved in 3-OH-F with 
somewhat lower dosages. If the hydroxyl group is substituted in the 2- 
position the activity of the molecule is less. Included in the diagram is 
1-FA, which was even less active than 2-OH-F and a hundred times less 
active than 1-FAA (text-fig. 2). It seems that hydroxylation of the 
fluorene molecule induced greater biological activity than the addition of 
one amino group. 


f 
/ 

+/07 
2 -207 
~ 
= 


TEXtT-FIGURE 3.—Dose response of Astasia longa to hydroxylated fluorenes. 
@— @ = 1-AF;O—O = 1-0H-F;‘+- - --+ = 3-OH-F; X----xX = 2-OH-F. 
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Activity of hydroxylated 2-fluorenylacetamides (text-fig. 4).—Narrow dose 
ranges of activity and moderate enhancements (25%) were found with 
1-OH-2-FAA and 7-OH-2-FAA. However the 3- substituted compound, 
3-OH-2-FAA, revealed an extraordinarily wide dose-range effect. Dilu- 
tions of 10-* to 10-" g/ml. induced enhancement, with a maximal effect 
of +35 percent. This compound is also the strongest inhibitory agent we 
have encountered thus far in our experiments. As little as 0.00001 yg. 
per ml. will stimulate cell division. A minute dosage of 0.1 yg. per ml. 
results in 40 percent of inhibition. 


+ 


SAM CONTROL = O 


MITOTIC ACTIVITY IN PERCENT 


TEXtT-FIGURE 4.—Dose response of Astasia longa to hydroxylated 2-fluorenyl aceta- 
mides. @—@ = 1-OH-2-FAA; O—O = 7-OH-2-FAA; +----+ = 3-OH-2- 
FAA; X----X = 2-FAA. 


To emphasize the different response patterns found in our screenings, 
2-F AA is again included in the diagram. Its sharp peak is significant and 
reproducible in repeated experiments. The bell-shaped, wide peak, 
obtained with 3-OH-FAA suggests that the cells respond to this agent in 
a different way. In agreement with the effect shown in the group of com- 
pounds of text-figure 3, the substitution of a hydroxyl group in position 3 
increases the biological activity for our test system. 

In table 5 the assayed chemicals are arranged in order of decreasing 
activity as to their enhancing effect on mitotic rates. 3-OH-2-FAA ranks 
at the top, while fluorene being inactive is the last compound listed. The 
dosage for maximal enhancement by 3-OH-2-FAA is 1,000 times lower 
than the dosage needed for maximal enhancement by 7-OH-2-FAA. The 
high sensitivity of Astasia to 3-OH-2-FAA is also expressed in a very wide 
dose-response range. It should be noted that by measuring inhibition 
alone, many substances could not be distinguished in their activity: 
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3-OH-F, 1-AF, 1-OH-2-FAA, and 7-OH-2-FAA have similar inhibition 
dosages but can be differentiated at high dilution levels when their effect 
is stimulatory. 


TaBLE 5.—Biological effect of fluorene derivatives on Astasia longa 


Dosage of 
inhibition 
(10-2 g/ml.) 


Dose range of 
enhancement 
(10- g/ml.) 


Dosage of maximal 
enhancement 
(10-* g/ml.) 


Fluorene compounds 


7. 8. 0-11. 3 9.3 
1-diAAF 5.0 5. 0-9. 5 8. 
3-OH-F 5. 5 6. 2-9. 3 7.5 
2-diAAF 6. 2 6. 4-8. 7 7.4 
1-FAA 5.0 5. 4-8. 6 
1-OH-F 5.3 5. 5-9. 3 7.0 
2-FAA 6. 2 6. 3-7. 6 6.8 
2-OH-F 5.8 6. 2-7. 6 6. 7 
1-FA 5.3 5. 3-7. 4 6.0 
1-OH-2-FAA 5.3 5. 4-7. 3 6. 2 
7-OH-2-FAA 5. 4 5. 5-6. 6 6. 0 
Fluorene 5.0 


DISCUSSION 


This investigation indicates that two simple, unicellular microorganisms 
respond in a characteristic and quantitatively measurable way to a series 
of fluorene derivatives, some of them known to be carcinogenic for mam- 
mals (10-12). In our protozoa, which grow by fission and represent 
a system of unlimited growth as long as the nutritional requirements are 
provided, we cannot follow up the multistage process of tumor formation. 
But one step, which is believed to precede tumor formation (3,4), namely, 
enhanced mitotic activity, is clearly expressed in the response of the 
cells toward the agents offered. The extraordinarily high sensitivity of 
the cells toward the substances under investigation allows studies in 
a dose range that would be ineffective in animal experiments. 

Can we justify comparing results found in animal experiments with 
those found in experiments with protozoa? As S. H. Hutner (14) points 
out, protozoa because of their conventional morphologic nucleus are less 
remote from metazoa than bacteria are. Nevertheless, bacteria have 
served over and over again as model systems for the study of general life 
processes. The nutritional requirements of A. longa and P. wvella are 
strictly heterotrophic, a characteristic which brings them close to the 
metazoan cell and separates them definitely from the class of autotrophic 
algae. Synthetic media are known for both flagellates; however, the 
growth rates obtained are far below those achieved in our semidefined 
Trypticase medium. A further indication of a close relationship to the 
mammalian cell is the tolerance of the two microorganisms toward bacterial 
antibiotics. Polytoma can be exposed to 200 units per ml. of penicillin 
and 0.1 yg./per ml. of streptomycin for 60 hours. After this period the 
original cell number is recovered; neither growth nor loss has occurred. 
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Astasia multiplies at the normal growth rate with dosages as high as 2,000 
units per ml. of penicillin and 1.0 yg. per ml. of streptomycin incorporated 
in the media. Particularly important in this comparison of the physiolog- 
ical characteristics of the metazoan cell and the protozoan cell seems to 
be the fact that the response to fluorene and various derivatives which 
have been tested for carcinogenic activity coincides remarkably well in 
both cell types. Fluorene, which has been under investigation for more 
than 30 years and has been found noncarcinogenic in animal experiments, 
also has no effect on Astasia and Polytoma (10, 13). N-2-fluorenylaceta- 
mide, the best studied representative of the fluorene derivatives, induces 
a very distinct and pronounced enhancement of the mitotic rate in the 
two flagellates. Studies on the enzyme level, with this response pattern, 
seem to be feasible, especially since the production of cell material does 
not meet with methodical difficulties. 
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A Chromatographic Study of the Deoxyribo- 
nucleic Acids From Normal and Leukemic 
Human Tissues ':? 
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SUMMARY 
Deoxyribonucleic acid (DNA) was pre- 


pared from normal human spleen and 
from the leukocytes of normal human 
donors as well ‘as from patients with 
chronic lymphatic and granulocytic 
leukemia. The samples were found to 
be essentially indistinguishable in base, 
nitrogen, phosphorus, sodium, and 
water contents and in molecular extinc- 
tion coefficient with respect to phos- 
phorus (cP). However, the samples 
differed significantly from each other 


when examined by anion-exchange 
chromatography. It is concluded that 
the DNA of leukemic leukocytes differs 
chromatographically from that of nor- 
mal white cells. Evidence is presented 
for a direct action in vivo of the alkylat- 
ing agent methanesulfonic acid, tetra- 
methylene ester (Myleran), on the DNA 
of the leukocytes from 2 patients with 
chronic granulocytic leukemia who had 
been treated with the agent.—J. Nat. 
Cancer Inst. 24: 1309-1318, 1960. 


THERE ARE many indications that support the concept of the genetic 


origin of cancer (for a historical review see 1). There is also much evidence 
that the genetic determinants of the cell are composed of deoxyribonucleic 
acid (DNA) (2, 3). Perhaps on this basis one might expect that there 
would be differences in the DNA from normal and cancer cells. Accord- 
ingly samples of DNA from normal and leukemic human tissues were 
examined. Analysis of the base composition and titration behavior 
revealed no differences. However, reproducible differences were found 
when the samples were examined by anion-exchange chromatography 
(4), and this report deals with this finding and its possible significance. 
In two instances, DNA was obtained from the white cells of patients 
with chronic granulocytic leukemia before and after they had been 
treated with the leukotoxic alkylating agent methanesulfonic acid, 
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sion Contract #AT, (30-1), 910. 

3 Damon Runyon Fund Research Fellow. 
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5 Present address; Istituto di Clinica Medica Generale, Universita di Milano, Italy. 


6 The authors acknowledge the advice and support of Dr. G. B. Brown, Professor L. Villa, and the late Dr. C. P. 
Rhoads. 


1309 


W 
ra 
| 
= 


1310 DI MAYORCA et al, 


tetramethylene ester (Myleran).’ This afforded an opportunity to learn 
whether the subsequent drop in white cell count might have been medi- 
ated by an effect on the nucleic acids of the cells brought about by the 
treatment. Alkylating agents of this type are known to react readily 
in vitro with solutions of DNA causing the formation of unstable products 


(4). 


EXPERIMENTAL 


Source of materials.—The spleen of a normal adult injured in an auto- 
mobile accident was recovered at surgery and immediately frozen on dry 
ice. The DNA (designated 4MD) was isolated by the procedure of Kay, 
Simmons, and Dounce (6), modified in that salt-free solvents were avoided. 
This procedure was used for preparation of all the DNA specimens de- 
scribed here. To obtain the white cell material, blood was drawn directly 
into chilled collection bottles containing 3.8 percent sodium citrate and 
2 percent gum arabic. For the preparation of normal white cell DNA, 
designated 20LD, the blood from 30 healthy laboratory assistants was 
pooled to provide a sufficient sample. The leukemia patients who were 
selected had not been previously treated for their disease, and they showed 
white cell counts from 500,000 to 800,000 per mm*, After sedimentation 
the white cells were collected and the DNA prepared and then stored at 
—20° C. in the fibrous form after drying in air at room temperature. 
Details of the preparation have been presented elsewhere (7). In 2 cases, 
specimens of DNA were prepared from cells of the same patients before 
and after treatment with Myleran (15 mg. per day for 15 days). The 
white cell count did not drop during the 15-day treatment, but fell to 
about 10,000 per mm.’ after an additional 5 days of treatment. 

Analytical properties.—Some of the properties of these preparations have 
been described (4, 7). The protein contents, as judged by quantitative 
biuret analysis, were below 0.1 percent. The molar base compositions 
for many of these specimens, determined on formic acid hydrolysates (8), 
are given in table 1 as are elementary analysis and water contents (% 
water lost in vacuo upon heating to constant weight at 110° C.). Values 
of <P, the atomic extinction coefficient with respect to phosphorus (9, 10), 
are also given in table 1. 

Chromatographic analysis.—Solutions of the DNA (3.0 ml., 1.0 mg. per 
ml. 0.001 m NaCl) were applied to 0.8 cm. columns containing 0.5 gm. of 
the anion-exchange cellulose derivative ECTEOLA-SF-1 and chromato- 
graphed at a rate of about 5 ml. per hour with the gradient elution two- 
mixing chamber technique previously described (4). Recoveries were 
quantitative within +4 percent. It is convenient to define 4 chromato- 
graphic elution regions (17) designated I (gradient 0 to 0.5 m NaCl), I 
(discontinuous elution with 0.1 m NH;/2 m NaCl), III (gradient from 0.1 
to 1.0 m NH; in 2 m NaCl), and IV (elution of remaining DNA with 0.5 
m NaOH). 


7 1,4-Dimethanesulfonyloxybutane, also known as Busulphan. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


i 

‘ 


CHROMATOGRAPHY OF NORMAL AND LEUKEMIC TISSUE DNA 1311 


Sedimentation analysis.—Samples of DNA at a concentration of 0.003 
percent in 0.2 m NaCl were analyzed in the Spinco Model E analytical 
ultracentrifuge equipped with ultraviolet optics (12, 13). Sedimentation 
coefficients were calculated by an adaptation (14) of a previously described 
method (13). 


RESULTS 


The preparations of DNA from human tissues which are listed in table 1 
are similar in base composition to the 6 specimens listed in table 9 of 
reference 10. Human spleen DNA has been previously analyzed by other 
investigators, by column chromatography of mononucleotides after 
enzymatic digestion (15), and by paper chromatography after acid 
hydrolysis (16) ; the base compositions found were nearly indistinguishable 
from the one in the present study (table 1). The values of eP which are 
a measure of the ‘‘nativeness” of the preparations vary from 6,200 to 7,000 
and are well within the acceptable range for undenatured specimens (10). 

Text-figures 1 and 2 show the chromatographic profiles obtained with 
the various DNA specimens. The profiles can be compared in 2 ways. 
First, the percentage distribution of DNA in each of the 4 chromatographic 
regions can be tabulated (table 2). In this tabulation, the normal spleen 
DNA (4MD) is different from that of the normal leukocytes (20LD). The 
latter is significantly different from the DNA of both types of leukemic 
leukocytes, and these in turn differ from each other. For example, the 
specimens from the chronic granulocytic leukocytes contain more DNA 
eluted in region I (25%-34%) and region II (16%-18%) than the speci- 
mens from the lymphatic material (14%-18% and 5%-6%, respectively). 
Conversely, the proportion of DNA eluted in region III is much larger for 
the lymphatic specimens (68%-79%) than for any of the others studied. 
An examination of table 2 shows the differences resulting from the treat- 
ment with Myleran. A feature of this method of tabulation is that the 
reproducibility within each group of specimens can be assessed easily. 
The distributions for the 3 lymphatic specimens are in excellent agreement. 
There is also good agreement among the 4 granulocytic specimens. 

If this were the only method of comparing chromatograms, there would 
be no need to carry out the lengthy gradient elutions; the fractions in each 
region could have been obtained easily by the stepwise elution with 4 
eluants only. Such a discontinuous elution scheme would, however, 
obliterate the finely detailed chromatographic profile which is routinely 
obtained by application of gradient elution (4). 

The differences seen in the distribution of fractions (table 2) may be 
considered as additional examples of DN A-tissue specificity as revealed by 
the chromatographic procedure (17). According to this view, the DNA 
from the 2 types of leukemic cells are distinguishable because we are 
dealing with 2 different tissues. The same would hold in the comparison 
of the material from both normal sources. 
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TEXT-FIGURE 1.—Chromatographic patterns of DNA (3.0 mg.) from human sources: 
upper left, from leukocytes of untreated patient with chronic granulocytic leukemia 
(12LD); upper right, from leukocytes of untreated patient with chronic lymphatic 
leukemia (8LD); lower left, from normal leukocytes (20LD) ; lower right, from normal 
spleen (4MD). The figures above the peak in region I refer to the molarity of 
NaCl, and those above the peaks in region III refer to the molarity of ammonia 
used in the elution. Columns (0.8 cm. diameter) containing 0.5 gm. of ECTEOLA 

cellulose were used; flow rate was about 5 ml. per hour. 


TABLE 2.—Distribution of chromatographic fractions of DNA from human sources 


Percent in each 


DNA chromatographic 
sample region Percent 
designation Source I II II IV recovery* 


Normal pooled leukocytes 
4MD Normal spleen 


Chronic granulocytic leukocytes 


Untreated 4 
5LD Untreated 25 17 56 2 97 
12LD Untreated 27 18 51 4 98 
10LD Untreated 34 18 40 7 95 
11LDt After treatment with Myleran 43 12 32 12 97 
1LDt{ After treatment with Myleran 55 11 22 12 98 
Chronic lymphatic leukocytes 
8LD Untreated 14 5 79 3 96 
RV31 Untreated 18 6 68 8 94 
Untreated 5 5 


*Based upon optical density at 260 my (see reference 4). 
tSame patient as 3LD. 
{Same patient as 5LD. 
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I 
DNA FROM LEUKOCYTES (CHRONIC GRANULOCYTIC LEUKEMIA) 
Text-FicuRE 2.—Chromatographie patterns of DNA from leukocytes of a patient 
with chronic granulocytic leukemia before (3LD) and after (11LD) treatment with 
Myleran (upper and lower left), and a second patient before (5LD) and after (1LD) 


treatment (upper and lower right). For explanation of figures above peaks and for 
elution schedule, see legend to text-figure 1. 


The second method of comparison would be the direct visual examina- 
tion of the detailed chromatograms. To avoid reproduction of all the 
chromatograms here, just a few are shown (text-figs. 1 and 2). In all 
instances, the molarity of salt which permitted the elution of the major 
peak in region I was the same within experimental error, 7.e., between 
0.24 and 0.28 m NaCl. Since a single concentration of salt and ammonia 
(2.0 m NaCl, 0.1 m NH;) was used in the discontinuous elution of material 
in region II, the position of emergence of the peaks in that region is the 
same for all the specimens. The same is true for the small 0.5 m NaOH 
peaks. However, the profiles of the fractions obtained in region III 
show considerable detail and hence differences are more manifest in this 
region. Usually at least 3 major peaks, i.e., those containing at least 
4 percent of the applied DNA, are seen here for these specimens, and the 
position of their emergence, i.e., the molarity of the solvents with which 
they were eluted, constitutes an instructive basis for comparison. Such 
data are summarized in table 3. 

For this comparison, attention is drawn to the first 3 major peaks, 
and the molarities of their eluting fluids. Viewed in this manner alone, 
there is very little difference between the fractions in region III of the 
normal leukocytic and splenic DNA. However the molarity of ammonia 
required to elute the major DNA peaks (region ITI) of the normal spleen 
and normal leukocytes is much greater than for the leukemic material. 
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TaBLE 3.—Point of emergence of major DNA peaks in chromatographic region III * 


Peaks * in order of 


DNA appearance: 
sample 
designation Source First Second Third 


Normal pooled leukocytes 0. 73 0. 84 0. 91 
4MD Normal spleen 0. 76 0. 85 0. 91 


Chronic granulocytic leukocytes 


3LD Untreated 0. 44 0. 69 . 86 
5LD Untreated 0. 49 0. 68 0. 79 
12LD Untreated 0. 40 0. 61 0. 79 

Untreated 47 0. 67 0. 82 


Chronic lymphatic leukocytes 


Untreated 0. 60 0. 73 0. 88 
RV31 Untreated 0. 56 0. 70 0. 78 
Untreated 0. 50 0. 7 0. 80 


* This is given in terms of the actual molarity of ammonia in the fluid (containing 2.0 M NaCl) achieved in the 
gradient in which the peak fractions were eluted. Only those peaks are listed which amount to at least 4 percent 
of the total DNA. 


Since the chromatographic profiles of the DNA of the various tissues 
of the rat were easily distinguishable (17), it might have been expected 
that the 2 normal human samples (table 2) would also have shown large 
differences. This was not the case. The 2 normal preparations were 
similar to each other in chromatographic profile, but were easily distin- 
guishable from both types of leukemic specimens. Thus the differences 
between the normal and leukemic materials may be related to the disease 
process itself rather than merely to tissue differences. More samples 
from other normal human tissues should be examined to help decide 
whether the profiles in region III are characteristic of the disease. 
Although the normal leukocytic and splenic DNA are distinguishable 
from each other (table 2 and text-fig. 1), they show a similarity when 
the comparison in table 3 is made, and hence might be considered to 
reflect the normal state of health. 

It is to be expected that the DNA isolated from the leukocytes of normal 
individuals would give a chromatogram which is a composite of the DNA 
of mainly 2 cell types, 60 percent of which are normal granulocytes and 
35 percent normal lymphocytes. If the DNA from the normal and 
leukemic cells were chromatographically identical, the normal pattern 
should be similar to that obtained from a composite drawn from a mixture 
of leukemic granulocytes and lymphocytes in the proportion 60 to 35. 
Such a calculated pattern in fact is quite significantly different from the 
normal. It is therefore concluded, chromatographically at least, that 
the DNA of the leukemic cells differs from that of the normal. 

Comparisons of chromatograms and chromatographic profiles have 
validity only when it can be shown that such data are reproducible. Sev- 
eral of the chromatographic profiles in this study were determined in 
duplicate and some in triplicate, and the replicate analyses showed the 
same high degree of reproducibility as reported in other studies (4, 17,18). 
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A profound difference in chromatographic profiles is seen when the 
specimens from the untreated and Myleran-treated patients are com- 
pared (text-fig. 2 and table 2). Specimens 3LD and 11LD were from the 
same patients; 5LD and 1LD were from a second patient, before and after 
treatment. The treatment of the 2 patients with the alkylating agent, 
Myleran, is thus seen to have affected the DNA of the leukemic granu- 
locytes, as determined by the chromatographic technique as well as by 
other measurements (7, 19). 

This alteration had taken place before the large drop (from about 
500,000 to about 10,000 mm.®) in leukocyte count had occurred. Unlike 
the DNA specimens before treatment as well as those from a wide variety 
of other sources, neutral, sterile solutions of the posttreatment DNA 
(1LD and 11LD) were unstable. During the course of 2 months, the 
average sedimentation coefficients of 1LD and 11LD gradually dropped 
from values of about 24 S to about 7 S. During this time and for periods 
up to 8 months, similar solutions of the pretreatment specimens (5LD 
and 3LD) showed no change in sedimentation behavior. These changes 
are analogous to those observed following treatment of DNA in vitro with 
alkylating agents (5). Such changes in vitro have been interpreted as 
resulting from direct attack of the alkylating agent especially on the 
guanine moieties of the DNA with consequent scission of the polymer 
chain (20, 21). Although more study is needed to assess this, it may be 
inferred that the leukopenia had resulted from the formation of unstable 
DNA in the cells of the Myleran-treated patients. 


DISCUSSION 


Human leukocytes, as well as other human diploid cells, have been found 
to contain about 0.8 & 10-" gm. of DNA per cell (22, 23). Assuming an 
average molecular weight of 6 < 10°, there would be about 800,000 molecules 
of DNA per cell. The DNA of human leukocytes has been reported pre- 
viously (24, 25, 17, 11) to be chromatographically heterogeneous. The 
present study extends these findings to the DNA of the leukocytes of 
untreated patients with leukemia and to that of normal human spleen. 
Thus the chromatographic analyses indicate that all the DNA molecules 
in these human cells are not alike, and in this regard constitute additional 
examples of the heterogeneity of DNA from many diverse sources (17, 11). 

Chromatographic fractions of DNA from calf thymus have been found 
to differ in base composition (4), in sedimentation behavior in the ana- 
lytical ultracentrifuge (26), in their ability to inhibit the transforming 
activity of pneumococcal DNA (27), and in relative abilities to serve as 
primers (28) in the enzymatic synthesis of DNA (unpublished results with 
I. R. Lehman and A. Kornberg). Such fractions from pneumococcal DNA 
have shown qualitative as well as quantitative differences in their trans- 
forming activities (27). Although comparable biological activities have 
not yet been demonstrated with the preparations of human DNA reported 
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here, it can be inferred that chromatographic fractions thereof would also 
differ in chemical and physical properties. The chromatographic analyses 
reported here show that the DNA from the 4 human sources differ. They 
also indicate that the chromatographic and sedimentation properties of 
the DNA from the leukocytes of 2 patients with chronic granulocytic 
leukemia undergo profound changes after their treatment with Myleran. 
The data indicate that the various DNA fractions were not all affected to 
the same extent by the alkylating agent and that some in the third chro- 
matographic region were affected the most. It is too early to judge at 
present whether these results are significant in the leukemic process. 
Previous studies on the interaction of DNA in vitro with a variety of 
physical and chemical agents, including nitrogen mustard, have also 
revealed that the various chromatographic fractions are unequally affected 
(17, 14, 11). An analogous effect in vivo on thymus DNA has recently 
been observed (29) after X irradiation of rats. 
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SUMMARY 


Inbred mice of strains C57BL, C3H, 
DBA, BALB/c, and AKR bearing a 
variety of transplanted lymphomas, 
carcinomas, and sarcomas were given 
intraperitoneal injections of sheep or 
chicken red cells. Significant depres- 
sion of hemolysin titers was observed 
in all but one group of experiments on 
animals with transplanted leukemias 
and lymphomas; this depression was 
less regular for agglutinin titers. Sim- 
ilar depressions of immune responses 
to red cell antigens were demonstrated 
in mice with transplanted carcinomas 
and sarcomas given single large doses 
of the antigen; in mice given multiple 
injections of smaller amounts of red 
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AS PART of a search for a suitable approach to the study of biologic 
features that may be associated with resistance and susceptibility to 


cells, differences in antibody levels be- 
tween tumor-free and tumor-bearing 
mice were either absent or less pro- 
nounced. Determinations of natural 
agglutinins for sheep red cells before 
and after tumor inoculation showed 
only exceptionally significant changes 
in antibody titers. These observations 
were compared with those reported in 
other investigations on related subjects 
and discussed with regard to possible 
mechanisms by means of which tumors 
interfere with immune responses and 
their potential role in the tumor-host 
relationship.—J. Nat. Cancer Inst. 24: 
1319-1339, 1960. 


neoplastic disease, we have investigated, since 1949, natural and immune 
heterohemoantibodies in mice of inbred strains in which certain forms of 
spontaneous tumors and leukemias occur with fairly predictable frequency 


(1-9). 


The essential results obtained from the study of over 3,000 


healthy, tumor-free mice belonging to 13 inbred strains may be summar- 


ized as follows: 


1. Only mice of strain C57BL possessed almost regularly natural 
agglutinins for sheep red cells, frequently reaching high titers, whereas 
such antibodies were absent or present only in low titers in animals of 


the other 12 strains (1, 6). 


! Received for publication November 6, 1959; revised January 28, 1960. 

2 Supported in part by grant O-1113 from the National Cancer Institute, National Institutes of Health, Public 
Health Service, and by grants from the Leukemia Research Foundation and the Ann Berkman Foundation, 
Chicago, Il. 
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2. Natural agglutinins for chicken red cells were present in lower titers 
in 5 of 6 high-tumor or high-leukemia strains, as compared with 6 low- 
tumor, low-leukemia strains (6). 

3. Immune responses to heterologous red cells (sheep and chicken) 
were inferior in 5 of 6 high-tumor or high-leukemia strains, as compared 
with 5 low-tumor or low-leukemia strains (7). 

These observations suggest that the likelihood of developing spontane- 
ous tumors and leukemia is greater in mice belonging to strains showing 
poor immune responses to hemoantigens than in mice of strains exhibiting 
good immune responses. 

No relationship was found to exist between the presence of the milk 
agent and natural antisheep agglutinins (3). Steroid hormones affected 
levels of immune hemolysins for sheep red cells differently in mice of 
strain C57BL than in C3H mice (8). Data collected on hybrids and 
backcrosses of mice of strain C57BL and C3H gave evidence that genetic 
factors were responsible at least in part for presence and titer of natural 
antisheep agglutinins (9). 

Since this background provided ample data demonstrating consistent 
and significant interstrain differences in immune responses to heterologous 
red cells in tumor-free mice of inbred strains, we extended our studies to 
mice bearing transplanted tumors and leukemias. Preliminary reports 
of this work presented on previous occasions (10, 11) have been expanded 
and are included in the present paper. Our main objectives were: (a) to 
determine the effect of tumors and leukemias on antibodies for sheep or 
chicken red cells; (6) to attempt elucidation of the mechanism by which 
neoplastic diseases bring about changes in the antibody response; (c) 
to evaluate the significance of such changes within the framework of the 
tumor-host relationship. 


MATERIALS AND METHODS 


Mice of strains C57BL, C3H, DBA, AKR, and BALB/c used were 
3 to 6 months old and, for the most part, were bred in our laboratory, 
with the remainder obtained from the Jackson Memorial Laboratory, 
Bar Harbor, Maine. Table 1 lists the types of transplantable tumors and 
leukemias in the experiments. The tumors were inoculated subcutane- 
ously into the left dorsoscapular region; each animal received an injection 
of saline suspensions containing from 100,000 to 500,000 tumor cells. 
Ak4 leukemia was inoculated intraperitoneally. Blood was obtained 
from the tail when survival of the mice was required, or by decapitation 
at the termination of experiments. Serum inactivated at 56° C. for 30 
minutes was used for antibody determinations. Sheep red cells were 
obtained commercially. Chicken red cells were obtained mostly from 
Plymouth Rock chickens in our laboratory, and occasionally a commercial 
product was used. The blood for immunization and for the tests in vitro 
was from 48 hours to 7 days old. Red cell suspensions were prepared 
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TaBLE 1.—Transplantable tumors and leukemias used in study of immune responses 


Tumor 


Latent 
period 
Strain Designation Type Origin (days) 


C57BL Sa89* Fibrosarcoma Methylcholanthrene-induced 4-7 
subcutaneous tumor 
C57BL C1498t Granulocytic Spontaneous leukemia 4-10 
leukemia 
C57BL Tul85* Reticulum-cell Spontaneous retroperitoneal 5-12 
lymphosarcoma lymphoma 
C3H Cal49* Carcinoma Spontaneous mammary car- 8-10 
cinoma 
C3H 6C3HEDt Lymphosarcoma Induced thymic lymphoma 5-8 
. }sa1sot Sarcoma Transplanted carcinoma 
DB S91f Melanoma Spontaneous melanoma 14-28 
DBA Cal69* Carcinoma Spontaneous mammary car- 8-10 
cinoma 
DBA L1210t Lymphocytic Methylcholanthrene-induced 6-8 
leukemia leukemia 
AKR Leu2* Lymphocytic Spontaneous leukemia 5-8 
leukemia 
AKR Leu3* Lymphocytic Spontaneous leukemia 5-8 
leukemia 
AKR Leu7* Lymphocytic Spontaneous leukemia 5-8 
leukemia 
AKR Ak4t Lymphocytic Spontaneous leukemia 5-8 


leukemia 


*Originated in our laboratory. 
tFor further details, see (12). 


after 3 saline washings, and no suspension was used unless the second 
saline washing was free of hemolysis. 

Two procedures of immunization were used. The first was identical 
with that used in testing the immune response of tumor-free mice (1, 7): 
Six intraperitoneal injections, each consisting of 0.1 ml. of a 0.1 percent 
saline suspension of the red cells prepared freshly on the day of injection, 
were given on alternating days within 2 weeks. The animals were killed 
7 days after the last injection. The alternative procedure in some experi- 
ments, for reasons to be detailed later, consisted of a single intraperitoneal 
injection of 0.5 ml. of a 4 percent red cell suspension in saline; the animals 
were tested 5 days after the injection. 

Since previous experience had shown a certain amount of individual 
variation in immune responses even within the same strain, it became 
desirable to control such fluctuations of antibody levels by subjecting the 
mice of both control and experimental groups to a preliminary course of 
immunization before transplantation of tumors or leukemia. After anti- 
body titers were determined, the mice were divided into the control and 
experimental groups so that the distribution of titers was as similar as 
possible in the two groups. 

In leukemias such as Ak4 only a single injection of the antigen was given 
after the inoculation of leukemia to permit termination of the experiment 
before the disease killed the experimental animals. 
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In each experiment, the following procedures were carried out routinely: 
(a) weekly weighing of the mice; (b) weekly measurement of tumors 
when present; (c) weighing of mice and tumors at the time mice were 
killed; (d) autopsy of dead or killed mice; (e) histologic study of the tumor, 
liver, spleen, kidney, and lung. 

In most experiments on mice inoculated with leukemia, total white 
and differential counts were done before inoculation and before termina- 
tion of the experiment. 

All experiments also included a small group of animals inoculated with 
tumor or leukemia, but not with heterologous red cells. This group served 
as a control capable of indicating whether the immunization itself might 
have affected the course of the disease. 

Immunization procedures in tumor-bearing animals were initiated when 
the tumors measured approximately 1 to 1.5 cm. in diameter. This 
assured that immunization took place when the tumor was well estab- 
lished but when the animals were still in good condition. Only a few 
experiments could not be concluded before several tumor-bearing animals 
died, and relatively rarely after immunization, ulceration of the tumor 
occurred before the animal was killed. On the whole, however, it was 
unlikely that the presence of tumors was responsible for secondary effects, 
such as infection or wasting, which might influence decisively the anti- 
body response. 


RESULTS 


Natural Agglutinins for Sheep Red Cells in Tumor-Bearing Animals 


Table 2 lists mice of strains C57BL, C3H, and DBA in which natural 
sheep agglutinins were first tested before inoculation of the tumors. Blood 
for these tests was obtained from the tail. After the tumors had been 
well established and weighed approximately from 2 to 5 gm., the animals 
were killed and the antibodies again determined. Changes in antibody 
titers were accepted as real only if they represented a difference of at least 
2 dilutions in the 2 specimens tested. Such changes in titer occurred only 
in 9 of the 96 mice, with a rise noted in 6 and a drop in 3. 


TaBLeE 2.—Effect of transplanted tumors on natural agglutinins for sheep red cells 


Antibody titer before and 


Number after growth of tumor 

Strain Type of tumor animals Nochange Rise Drop 
C57BL S$a89 26 21 4 1 
C3H Cal49 44 40 2 2 
C3H Subcutaneous sarcoma induced 16 16 0 0 

by methylcholanthrene 

DBA Cal69 10 10 0 0 
Total 96 87 6 3 
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Effects of Transplanted Leukemias on Immune Agglutinins and 
Hemolysins for Sheep and Chicken Red Cells 


Table 3 lists the strains, red cell antigens, immunization procedure, 
and types of leukemia tested in 14 experiments. Four different lines of 
lymphocytic leukemia were used in 6 experiments with AKR mice, with 
sheep red cells serving as antigen in 4 and chicken red cells in 2 experi- 
ments. DBA mice inoculated with lymphocytic leukemia L1210 were 
tested in 3 experiments, C57BL mice inoculated with granulocytic 
leukemia C1498 in 2 and with transplantable lymphosarcoma Tu185 in 
1, and C3H mice inoculated with lymphoma 6C3HED in 2. After pre- 
liminary immunization, mice were placed in control or experimental 
groups showing only minor differences in mean antibody levels. Calcula- 
tions of mean (geometric) antibody levels and evaluation of significance 
between mean antibody levels were done according to methods described 
in a previous communication (6). Antibody levels obtained when tumors 
were well established in the experimental group, and as recorded in the 
right half of the table, were lower in leukemic than in control groups with 
exception of experiments 13 and 14 (C3H mice inoculated with 6C3HED). 
In general, this difference was more pronounced for hemolysin than for 
agglutinin levels. In the last column of table 3 the P values indicating 
statistical significance of the differences in antibody levels are listed. In 
experiments 4, 7, 9, 10, 13, and 14, P values were >0.05 and thus failed 
to establish statistical significance of the lower antibody levels in leukemic 
animals. On the other hand, in experiments 1, 3, 5, 6, and 12, P values 
of <0.01 indicated a high degree of statistical significance and in experi- 
ments 2, 8, and 11 a probable significance (P values of 0.05 or less but 
>0.01). 

Failure to obtain statistical significance in some experiments was proba- 
bly due to the considerable intragroup variations in antibody levels, com- 
bined with the limited number of animals that could be tested in each 
experiment. For this reason it was important to analyze the changes 
in antibody levels as they occurred in each animal of the control and 
experimental groups when titers obtained in the preliminary immunization 
were compared with those in the final one. Text-figures 1, 2, and 3 
illustrate these changes in antibody levels contrasting control and 
leukemic animals. Each bar corresponds to one animal. The initial 
titer is represented by white bars, including the black portion when 
present. Black portions indicate losses in titer, cross-hatched portions 
gains in titer at the end of the experiment. Thus there are 3 possible 
relationships between the antibody titers obtained after the initial and 
final immunization of each mouse: (1) White bars only indicate no change 
in titer; (2) when white bars contain black portions, the initial titer is 
indicated by the entire bar, while the final titer is the white portion only 
(final titer lower than initial titer); (3) when cross-hatched bars are shown, 
the initial titer is represented by the white bar only, while the final titer is 
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TEXT-FIGURE 1.—Changes in titers in AKR mice without and with leukemia. C = 
control animals; E = experimental animals. 


shown by white plus cross-hatched portion (final titer higher than initial 
titer). 

None of the leukemic animals in text-figure 1 (table 3, AKR, expt. 3) 
showed any gain and 7 showed decreases in hemolysin titer. Of the 15 
control animals all but 4 showed increases and decreases were noted in 
only 3. The difference between control and leukemic mice concerning 
changes in agglutinin titers is less pronounced, but there is a trend in 
the same direction. Text-figures 2 and 3, which illustrate experiments 
with DBA (table 3, expt. 7) and C57BL mice (table 3, expt. 11) demon- 
strate analogous differences between control and leukemic animals, in 
changes of antibody levels. 

When these changes in antibody levels in control and leukemic animals 
before and after tumor growth were subjected to the ¢ test (13), P values 
of <0.01, indicating statistical significance, were obtained for hemolysin 
determined in all experiments listed in table 3, with the exception of 
experiments 8 and 10, which yielded P values of borderline significance 
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TEXT-FIGURE 2.—Changes in titers in DBA mice without and with leukemia. 


AGGLUTININS 


(<0.05>0.01), and experiments 13 and 14 (P>0.05). Statistical signifi- 
cance of changes in agglutinin levels between control and leukemic animals 
was established only for experiments 5, 6, and 12. 

Average weights of subcutaneous tumors ranged from 1 to 3 gm. in all 
experiments listed in table 3, with exception of experiment 14 in which an 
average weight of 4.7 gm. was obtained for the 6C3HED lymphosarcoma, 
and experiment 12 in which Tul85 lymphosarcoma in C57BL mice 
reached an average weight of 7.9 gm. Splenomegaly and hepatomegaly 
occurred in all tumor-bearing animals except in the 3 experiments with 
C57BL mice (expts. 10, 11, and 12). Histologic examination revealed 
extensive leukemic infiltrations in liver, spleen, and kidney of AKR mice; 
in the experiments with DBA, C57BL, and C3H mice, such infiltrations 
were less pronounced and constant. Leukemic manifestations in periph- 
eral blood were regularly noted in AKR and less frequently in DBA mice 
tested toward the end of the experiment; in C57BL and C3H mice leukemia 
was rare. 

Comparison between immunized and nonimmunized leukemic or 
lymphoma-bearing mice did not disclose any differences in tumor develop- 
ment, growth, or hematologic, gross, and microscopic findings. 
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TEXtT-FIGURE 3.—Changes in titers in C57BL mice without and with leukemia. 


Effect on Hemoantibodies of Transplanted Carcinomas and Sarcomas 


Table 4 summarizes 11 experiments in which C57BL, C3H, DBA, and 
BALB/c mice were tested for their immune responses before and after 
the growth of several transplanted tumors. In general, the experimental 
design was analogous to that used for testing immune responses in mice 
with transplanted leukemias and lymphomas. C57BL mice inoculated 
with Sarcoma 89 were subjected in experiments 1 and 2 to multiple injec- 
tions of small amounts of sheep red cells and in experiments 3 and 4 to 
the single administration of a larger amount of sheep red cells. Differ- 
ences of hemolysin levels between control and tumor-bearing animals 
were highly significant at the end of the latter two experiments, and corre- 
sponding differences in agglutinin levels were of definite significance in 
experiment 3 and of borderline significance in experiment 4. However, 
when multiple injections of small amounts of antigen were tested, the 
differences in antibody level were statistically not significant in experiment 
1 and of borderline significance for incipient hemolysis in experiment 2. 
When the significance of the change in titers in individual animals before 
and after tumor growth was analyzed similarly by means of Student’s ¢ 
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test, as discussed in the preceding section on immune responses of mice 
with transplanted leukemias and lymphomas, there was no significant 
difference between tumor-free and tumor-bearing mice in experiments 1 
and 2 (multiple administration of antigens), while borderline significance 
(P<0.05>0.01) was noted for the change in hemolysin titer in experiments 
3 and 4. 

In experiments 5 and 6 in which C3H and DBA mice, respectively, 
were given multiple injections of small doses of antigen and tested after 
growth of a carcinoma or melanoma, no significant differences in antibody 
levels became apparent either by direct comparison of antibody levels 
or by analysis of change in titers before and after tumor growth. 

DBA mice inoculated with Cal69 had significantly lower levels of 
antibodies when multiple injections of antigen were given (expt. 7). 
Borderline significance was obtained for the decrease in antibody levels 
in mice of experiment 8, which were given single injections of red cells. 
In experiment 9, hemolysin levels were significantly depressed in tumor- 
bearing DBA mice after immunization with single large doses of antigen. 
Final immunization in experiment 9 took place when the tumors had 
reached a considerably larger size (average weight when mice were killed, 
10.5 gm.) than in the otherwise analogous experiment 8 (average weight 
when mice were killed, 4.0 gm.). In experiment 7—multiple injection of 
small doses of antigen—the tumor size was similar to that in experiment 
9 (average weight, 9.0 gm.). The change in titer of hemolysin from 
initial to final immunization differed significantly between control and 
tumor groups of experiment 9, while it was of borderline significance in 
experiment 8 and not significant in experiment 7. 

Experiments 10 and 11 used BALB/c mice inoculated with Sal80 and 
given either multiple injections of small amounts of antigen (expt. 10) or 
single injections of a larger amount of antigen (expt. 11). In experiment 
10 significantly higher hemolysin levels were found in tumor-bearing than 
in tumor-free animals. When titers before and after tumor growth 
were analyzed by means of the ¢ test, a greater gain in hemolysin titer 
was noted in tumor-bearing animals than in tumor-free mice, a difference 
of borderline significance. However, the single administration of a large 
amount of antigen (expt. 11) to BALB/c mice bearing Sa180 was followed 
by a significant drop of agglutinin and hemolysin levels in tumor-bearing 
animals. Comparison of titer changes in control and experimental mice 
established borderline significance for the change in agglutinin titers and 
definite significance (P<.0.01) for the change in hemolysin titers. 

Results of experiments listed in table 4 may be summarized as follows: 
Significant depression of hemolysin levels in the presence of transplanted 
carcinomas or sarcomas was demonstrable in all 5 experiments in which 
the mice were immunized with single large doses of antigen, but in only 
1 of 6 experiments in which they were subjected to multiple immunization 
with small doses of antigen. 

Average tumor weights ranged from 1.5 to 4.0 gm. in the experiments 
listed in table 4, except for experiments 7 and 9 in which Cal69 grew to 
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an average weight of 9.0 and 10.5 gm. respectively. Splenomegaly and 
hepatomegaly were noted in all experiments, whereas metastatic spread 
was rare. In comparison with nonimmunized tumor-bearing mice, 
immunization with heterologous red cells had no effect on development 
and growth of tumors. 


DISCUSSION 


The data presented provide an unequivocal answer to the first question: 
Are levels of hemoantibodies after active immunization affected by trans- 
planted tumors, including leukemias and lymphomas? Varying degrees 
of depression have been noted in mice of 5 inbred strains after inoculation 
and growth of all but 1 of 13 transplantable tumors. In general, this 
effect was more pronounced in mice bearing transplanted leukemias and 
lymphomas than in those with carcinomas and sarcomas. 

For the second question, as to the mechanism(s) responsible for this 
depression of antibody levels, it appears easier to provide negative than 
positive answers. Analysis of the average tumor sizes in individual 
experiments did not indicate any correlation between size of the tumor 
and lowering of antibody levels. Likewise metastatic involvement did 
not appear to be the critical factor since it was absent in some experiments 
with marked antibody depression. As seen from tables 3 and 4, the 
immunization procedure—specifically whether multiple small doses of 
antigen or single large doses were injected—did have a definite influence 
on the immune responses. These two forms of immunization also 
disclosed a significant difference in the behavior of mice with transplanted 
lymphomas from that of mice with transplanted carcinomas and sarcomas. 
In the latter group (table 4)—with one exception (expt. 7)—only single 
administration of large doses of antigen resulted in antibody depression 
in tumor-bearing animals, while in lymphoma-bearing mice (table 3) this 
effect was also noted after multiple injections of antigen. A possible 
explanation for this difference related to the form of antigenic stimulation 
may be derived from the fundamental work of the Taliaferros (14-16) on 
immune responses of rabbits. When intact and splenectomized rabbits 
received injections of sheep red cells either in single or multiple doses, 
analysis of antibody formation and peak titers “. . . showed that non- 
splenic sites become relatively more active than the spleen as antigenic 
stimulation is increased. When multiple injections of antigen were 
given, nonsplenic sites were more active in splenectomized rabbits than 
nonsplenic sites plus the spleen in intact rabbits” (16). Some unpublished 
observations (Stern) made on splenectomized mice suggest that it is 
permissible to extrapolate from rabbits to mice. Smith et al. (17, 18) 
have recently demonstrated inhibition of formation of sheep hemolysin 
by splenectomy for mice given single injections of sheep red cells; the 
depression of antibody response was most striking after intravenous 
immunization, but could also be observed in mice immunized intraperi- 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


i 


‘ HEMOANTIBODIES IN MICE WITH TUMORS 1333 


toneally. One might assume that in mice bearing transplanted car- 
cinomas and sarcomas splenic sites of antibody formation are most 
severely impaired. When such animals are given multiple injections of 
antigen, this treatment is capable of stimulating antibody production 
in nonsplenic sites and thus can compensate for whatever deficiency 
exists in splenic antibody production. Depression of antibody levels 
was observed in such tumor-bearing mice only after a single administra- 
tion of antigen, which presumably elicits antibody formation mainly in 
the spleen. Impairment of antibody production in mice with trans- 
planted leukemias and lymphomas may be considered to involve not only 
the spleen, but also nonsplenic sites, and therefore single as well as multiple 
antigenic stimulation, as a rule, disclosed decreased immune responses, 

The preceding remarks are based on the assumption that the depressed 
antibody levels observed in mice with transplanted tumors actually reflect 
an impaired capacity of antibody-forming tissues to respond to antigenic 
stimulation as compared with tumor-free animals. At present it is not pos- 
sible to rule out the possibility that in tumor-bearing hosts, in addition to 
deficient antibody production, increased destruction of preformed antibody 
also takes place, as suggested by Wharton et al.(19). In unpublished ex- 
periments with passive immunization of tumor-bearing mice, we did not 
obtain any conclusive evidence for an increased catabolic rate of antibody 
in the presence of tumors. Since the methods used were rather crude, 
it would be desirable to reinvestigate this problem by means of more 
refined techniques, such as administration of radioisotope-labeled anti- 
body. However, other results make it rather unlikely that increased 
antibody destruction is the main cause of depressed antibody levels in 
tumor-bearing animals. In several experiments there were no differences 
in antibody levels between tumor-bearing and tumor-free animals. It 
would be difficult to understand why protein catabolism should differ 
from one experiment to the other, especially when, in both, the same 
strain of mice and tumor was used. Furthermore, the fact that natural 
agglutinins for sheep red cells were not significantly affected by presence 
of tumors represents another situation in which the postulated increase 
in protein catabolism did not affect antibody levels. 

In an earlier paper (2) we reported that there were elevated levels of 
natural agglutinins for sheep red cells when tumors were induced or 
transplanted in mice. Since these data were derived from statistical 
analysis comparing tumor-free and tumor-bearing mice, they are now 
withdrawn in favor of the data reported in this communication, which 
failed to show any significant change in titers of natural agglutinins for 
sheep red cells when determined in the same mouse before and after 
transplantation or induction of tumors. This is in contrast to the signifi- 
cant drop or even disappearance of heteroagglutinins for human red 
cells which Bogden and Aptekman (20, 2/) found in rats soon after tumor 
inoculation. In our laboratory we were able to confirm this observation 
with additional strains of rats and types of tumors.’ Similarly Parfentjev 


3 In preparation. 
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and Duran-Reynals (22) reported that, in chickens inoculated with and 
developing Rous sarcoma, previously present natural agglutinins for 
Proteus OX 19 dropped in titer or disappeared. This different response 
by natural antibodies to presence of tumors in mice and in rats and 
chickens may be attributed to differences in species, antigens, and anti- 
bodies involved and tumors used. 

Few investigations have been recorded on immune responses in tumor- 
bearing animals. In addition to Wharton et al. (19), who found lowered 
antibody levels for bacterial polysaccharides and for sheep red cells in 
mice with certain transplanted tumors, Malmgren and coworkers (23) 
reported that after a single injection of 0.5 ml. of a 4 percent suspension 
of sheep red cells, lower antibody levels were present in tumor-bearing 
mice than in tumor-free controls (C3H with Sal80 or C3SHBA mammary 
carcinoma, BALB/c with Sal80, A with Lymphoma #1, C57BL with 
Sa37). In pursuing the primary objective of this study—interference of 
guanazolo (8-azaguanine) with antibody formation in mice—the authors 
also noted that smaller doses of the drug were required to bring about 
depression of the immune response in tumor-bearing than in tumor-free 
C3H mice. That the authors observed lower antibody levels in mice 
with transplanted carcinomas and sarcomas, after single administrations 
of larger doses of antigen, furnished the incentive to include such a pro- 
cedure of immunization in our studies, as described in the previous section. 

Without intent to review comprehensively the pertinent literature, 
reference is made to some clinical investigations on antibodies and im- 
mune responses in patients with cancer or leukemia, which appear to be 
relevant to the subject of this presentation. Many decades ago Moreschi 
(24) and Howell (25) observed an impaired ability of patients with 
leukemias and lymphomas to produce agglutinins for Salmonella typhosa 
after natural typhoid infection or vaccination. Even more closely related 
to the subject under discussion are reports by Bernstein (26) and Wein- 
stein and Fitz-Hugh (27) on consistently low levels of sheep agglutinins 
(heterophil antibody) in patients with acute and chronic leukemias, 
lymphosarcoma, or Hodgkin’s disease. Intravenous injection of horse 
serum which, as a rule, raises the titer of sheep agglutinins failed to do 
so in patients with lymphocytic leukemia (26, 27) or brought about only a 
slight rise in a patient with lymphosarcoma (26); however, patients 
with chronic granulocytic leukemia did respond with a rise in heterophil 
antibody to injection of horse serum (27). One of us (28) observed that 
isoagglutinins anti-A and anti-B were of low titer in patients with chronic 
leukemia while patients with acute leukemia did not show this. This 
observation was in accord with some previous reports on lowering of 
isoagglutinins in patients with leukemia (29, 30). More recently, de- 
pression of isoagglutinin titers in chronic as well as acute leukemia was 
reported by Korinth (31) who also failed to observe a rise in isoagglu- 
tinins after administration of group-specific substance. The latter ob- 
servation is in accord with our similar unpublished observations on 
patients with leukemia, Hodgkin’s disease, and some other forms of 
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neoplastic disease. Recently Teitelbaum et al. (32) studied isoagglu- 
tinins in patients with malignant lymphomas, with the following results: 
In 19 patients with various forms of lymphosarcoma, low titers of iso- 
agglutinins predominated, and isoagglutinin titers were considerably 
lower in 13 patients with chronic lymphocytic leukemia. But normal 
distribution of isoagglutinin titers was found in 13 patients with chronic 
granulocytic leukemia, 10 patients with acute leukemia, and 20 patients 
with Hodgkin’s disease. Some patients had been subjected to various 
forms of treatment (X ray, steroids, nitrogen mustards, and other chemo- 
therapeutics) and it may not be possible in each instance to separate the 
effects of the disease from those of the treatment. From analysis of 
simultaneous electrophoretic studies of serum proteins, the authors 
concluded that there was no consistent correlation between isoagglu- 
tinin titer and serum-protein abnormalities, especially hypogamma- 
globulinemia. 

A variety of bacterial antigens has also been tested in patients with 
neoplastic disease. Evans (33) found that after injection of Salmonella 
paralyphi, antibody titers in patients with malignant lymphomas were 
consistently lower than in controls. However, antibody titers in several 
cancer patients so tested did not differ from those in cancer-free controls 
unless X irradiation, another cause of lowering antibody levels, had been 
given. In this connection the observations of Balch (34) are also impor- 
tant: In an attempt to investigate the effects of undernourishment and 
hypoproteinemia on anamnestic responses, he administered diphtheria 
toxoid to controls and to 25 severely undernourished patients, including 
16 with various forms of cancer. Antibody levels in the two groups did 
not differ significantly. Similarly, Kahn e¢ al. (85) reported that titers 
of isoagglutinins in severely undernourished children with kwashiorkor 
remained within the normal range. 

Parfentjev and coworkers (36) observed absence of agglutinins for 
Proteus OX 19 in 20 of 28 cancer patients, while such antibodies were 
present in 80 percent of cancer-free patients. As mentioned previously, 
these authors noted a disappearance of such antibodies also in chickens 
growing Rous sarcomas (22). Pneumococcal polysaccharides were used 
as antigenic stimulus, by Larson and Tomlinson (37) and Geller (38), in 
patients with chronic lymphocytic leukemia. Larson and Tomlinson 
(37) observed little or no antibody formation in these patients, while 
patients with chronic granulocytic leukemia exhibited essentially normal 
antibody responses, and exceedingly large amounts of antibody were 
formed by patients with acute leukemia. Geller (38) reported that only 
2 of 14 untreated patients with lymphosarcoma or malignant lymphoma 
and 2 of 10 treated patients with such disease developed significant levels 
of antibodies in contrast to 9 of 16 controls. Finally Leskowitz and 
associates (39) failed to obtain any evidence for impaired antibody re- 
sponses in 46 cancer patients immunized with pneumococcal polysac- 
charide, diphtheria, and tetanus toxoid. 

In spite of some discrepant results recorded in the literature and referred 
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to in the preceding paragraphs, it is possible to arrive at some broad 
interpretations. Certain natural and immune antibodies have been found 
to be depressed in patients with neoplastic disease as observed in animal 
experimentation. In general, patients with lymphomas and leukemias 
seem to be more prone to disclose such interference with immune responses 
than patients with other forms of neoplasia. The decrease in antibody 
levels is not merely a nonspecific reflection of a disturbed state of nutrition 
or other secondary effects of neoplastic disease. Negative findings, that 
is, failure to observe disturbance of immune responses in patients with 
certain types of cancer, in our opinion, carry less weight than positive 
findings. Our own data have shown that not only the type of antigen 
but also the immunization procedure may have a considerable bearing 
on immune responses and their deviation from normal. It is entirely 
possible that one form of immunization, or tests for one specific antibody, 
may disclose normal immune responses, whereas other forms of immuniza- 
tion might have revealed abnormal findings. Hence, one should not 
speak of immune responses in general, but define specifically the condi- 
tions under which the particular immune response was tested. In some 
instances also the type of tumor may be of crucial importance. We are 
inclined to interpret our observations that the 6C3HED tumor failed 
to influence levels of hemoantibodies in mice as indicating some specific 
biologic property of this transplantable tumor. 

The experimental as well as clinical data on immune responses referred 
to in this paper were confined to study of circulating or humoral antibodies. 
The problem of tissue hypersensitivity as expressed in experimental and 
clinical phenomena is outside the scope of the present investigation. 
Likewise, phenomena of autosensitization, as specifically manifested in 
clinical medicine in formation of autoantibodies for red cells, white cells, 
and platelets, represent a type of immune response that is to be con- 
sidered separately in the light of extensive data on the incidence of such 
antibodies in patients with leukemia and lymphoma. 

A few speculative thoughts are offered concerning the possible disturb- 
ances in immune responses in the tumor-host relationship. As indicated 
by our experimental work, one can distinguish at least two stages of the 
tumor process during which immune responses may be changed. The 
first stage occurs well in advance to manifest neoplastic disease and can 
at present be studied only in some experimental animals, i.e., mice of 
known genetic background with predictable “‘spontaneous” development 
of tumors. In this situation we noted a high correlation between specific 
genotypes and susceptibility to cancer, and lesser ability to produce 
hemoantibodies. The second stage was investigated in the present paper, 
namely, in animals of different genetic background and different a priori 
ability to produce antibodies, in which immune responses were tested in 
the presence of growing transplanted tumors. Also under these conditions 
disturbances of immune responses have been observed, which depend on 
the type of tumor and procedure of immunization, with mice bearing 
lymphomas and leukemias, or carcinomas and sarcomas, exhibiting 
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significant differences: In hosts with leukemias and lymphomas, sites 
of antibody formation throughout the body appeared to be affected, 
while in the presence of carcinomas and sarcomas the impairment of 
antibody formation may be essentially the result of splenic damage. This 
may be expected in view of the fact that lymphomas and leukemias are 
basically diseases of reticuloendothelial tissues widely distributed through- 
out the body and in general thought to participate in some phases of 
antibody formation. Also within the leukemia-lymphoma and the car- 
cinoma-sarcoma group the ability to depress immune hemoantibodies 
varied and depended on the type of the tumor and possibly the strain of 
mice used. Furthermore, even within the same experiment, individual 
mice frequently differed in their immune responses in the presence of 
tumors (cf. text-figs. 1-3). Neither histologic type, growth rate, final 
tumor size, nor metastatic spread could be consistently correlated with 
these intergroup and intragroup variations. It is possible that presence 
and degree of impairment of certain immune responses such as those 
studied in this investigation reflect some fundamental tumor-host inter- 
actions. In this connection one cannot help but be reminded of the great 
variability in the clinical course of neoplastic disease, specifically as 
expressed in response to chemotherapeutic agents, and occurrence of 
metastases and local recurrence which follow seemingly comparable 
findings and management. Sequential studies of selected immune re- 
sponses might be a suitable approach for studying hidden differences in 
host resistance. Another important gap in our knowledge concerning the 
immune responses in neoplasia should be pointed out: While the results 
of earlier work and the present study have disclosed impaired immune 
responses associated either with genetically determined susceptibility to 
development of malignant tumors or with presence of established tumors, 
immune responses during intermediate stages—development of tumors 
after exposure of the host to carcinogens—are still being studied in our 
laboratory. Results of this work may provide additional information on 
immune responses in neoplastic diseases. 


CONCLUSIONS 


1. Experimental data have been presented in which the presence of 
transplanted lymphomas, leukemias, carcinomas, and sarcomas in mice 
of 5 inbred strains was associated with depressed levels of immune 
heterohemoantibodies. 

2. Mice with transplanted lymphomas and leukemias, as a rule, showed 
& more pronounced impairment of antibody response than mice with 
transplanted carcinomas and sarcomas. 

3. In mice with sarcomas and carcinomas, single larger doses of antigen 
resulted in depressed antibody levels more frequently than did repeated 
injections of smaller doses of antigens. 

4. No consistent correlation was found between size of tumor and 
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metastatic involvement and presence and extent of depressed antibody 
levels. 


5. Natural agglutinins for sheep red cell were not significantly affected 
by presence of transplanted or induced tumors. 

6. The data obtained in this study were discussed in connection with 
other investigations of antibody levels in tumor-bearing animals and cancer 
patients, and permitted some speculation on the possible role of immune 
responses in the tumor-host relationship. 
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Development of 9a-Fluorohydrocortisone Re- 
sistance in 9a-Fluorohydrocortisone-Sensitive 
Lymphosarcoma of the Mouse ':?:* 


JULIA McCAIN LAMPKIN-HIBBARD, Cancer Research 
Laboratory, University of Miami, Coral Gables, Florida 


SUMMARY 


9a-Fluorohydrocortisone (9-AFH) re- 
sistance was developed at transfer gen- 
eration 44 in the P1798/S-9-AFH line 
when 9-AFH was administered at 25 
mg. per kg., for 5 consecutive days, to 
a BALB/c mouse with an established 
tumor. This tumor regressed and af- 
ter 10 days recurred. As the 9-AFH- 
resistant subline (P1798-9-AFH-R,-A) 
was passed from one transfer gener- 
ation to another, with 9-AFH treat- 
ment, resistance to 9-AFH increased. 
A highly resistant subline (P1798- 
9-AFH-R,-C) was developed after 4 
transfer generations with 9-AFH treat- 
ment and then transplanted without 
the drug. P1798-9-AFH-R,-C has con- 


tinued to be resistant for 12 transfer 
generations transplanted serially with- 
out 9-AFH. A method of studying the 
effect of steroids on established sensi- 
tive and resistant tumors of P1798 in 
the same host was further demon- 
strated to be a helpful biological tool 
in the screening of new steroids. Not 
only can the effectiveness of the com- 
pound on the sensitive line be deter- 
mined in 5 days but the presence or 
absence of cross-resistance can be dem- 
onstrated in the same animal. The 
9-AFH resistant line of P1798 lympho- 
sarcoma is cross-resistant to Decadron 
and cortisone.—J. Nat. Cancer Inst. 
24: 1341-1352, 1960. 


RESISTANCE OF lymphocytic neoplasms and other leukoses to certain 
antimetabolites has been described (1-12) and shown to be a permanent, 
heritable character of the population of cells, once the selective process 
has been completed (13). Some compounds used in the treatment of 
lymphocytic neoplasms interfered with intermediary metabolites in the 
biosynthesis of nucleic acid (13). In 1957 Lampkin and Potter (14) 
described the development of a cortisone-resistant subline from a cortisone- 
sensitive line of a mouse lymphosarcoma. A cortisone-resistant subline 
was developed from the subcutaneously transferred line at transfer genera- 
tion 3 by inducing incomplete regression with daily doses of 25 mg. per kg. 
of cortisone and by allowing regrowth to occur each time before subsequent 
treatments. The cortisone-resistant line has remained resistant for 40 
transfer generations without cortisone treatment (15). In further studies, 


! Received for publication November 17, 1959; revised January 4, 1960. 
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P1798 was found to be highly sensitive to 9a-fluorohydrocortisone ‘ 
‘(9-AFH) (15-17) and Decadron (pregna-1,4-diene-3,20-dione, 9a-fluoro- 
118,17 a,21-trihydroxy-16a-methyl). Decadron and 9-AFH, when given 24 
hours after tumor inoculation or after tumors had reached considerable 
size, prolonged the life of animals bearing this neoplasm. Up to 30 per- 
cent of the mice treated with 25 mg. per kg. of 9-AFH for 5 days, when 
treatment was initiated on the 14th day after inoculation by the 9-AFH 
sensitive line (P1798/S-9-AFH), lived over 100 days (15). 
In this study the development of 9-AFH resistance will be discussed. 


MATERIALS AND METHODS 


The lymphocytic neoplasm P1798 used in this study arose in a BALB/c 
male mouse and has been described (14, 18). 

BALB/c mice and (BALB/c X DBA/2)F; hybrids were obtained from 
the inbred colony of Dr. W. F. Dunning. The mice were housed in plastic 
cages, 10 to 12 mice per cage, and fed Purina laboratory chow pellets and 
tap water adlibitum. At the time of inoculation of the tumor, the recipient 
mice were 1% to 3 months of age and weighed from 20 to 25 gm. The 
subcutaneous tumor passages were made by a 13 gauge trocar into the 
right flank. The measurements of subcutaneous tumors were determined 
by the techniques previously described (14, 15, 19). 

The cortisone acetate was a commercial preparation obtained from 


Merck. Decadron and 9-AFH were supplied by the Cancer Chemotherapy 
National Service Center. The crystalline compounds were prepared 
for injection by homogenizing the crystals in a suspending medium 
(Special Formula No. 17874, The Upjohn Co., Kalamazoo, Mich.) The 
drugs were administered subcutaneously in the interscapular region. 
The treatment schedules and toxicity are indicated in the tables and 
text. 


RESULTS 


Developmeat of 9-AFH-Resistant Subline 


After the inoculation of the tumor, one mouse that had a tumor for 8 
days (tumor diameter 1.0 cm.) was given a dose of 25 mg. per kg. of 9- 
AFH for 5 consecutive days, during which time the established subcu- 
taneous tumor regressed completely (text-fig. 1). The mouse had no 
palpable neoplasm for 10 days. The tumor then reappeared and grew 
rapidly to an average diameter of 1.5 cm. in 4 days. The mouse was 
killed on the 27th day and the tumor was transplanted. Two sublines 
were established, one in mice treated continuously with 9-AFH (P1798-9- 
AFH-R,-A) and the other in mice receiving no treatment (P1798-9-AFH- 


4 Chemical Abstracts’ nomenclature: 9a-fluoro-17-hydroxycorticosterone. 
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R,-B). Another line was established from a tumor transplanted for 4 
transfer generations in mice treated continuously with 9-AFH, and then 
serially transplanted in untreated mice (P1798-9-AFH-R,-C). 


9 FLUORO- HYDROCORTISONE 
25 mg./kgm. (5x) 


SACRIFICED 
AND 
TRANSPLANTED 


AVERAGE TUMOR DIAMETER 


DAYS 


TExtT-FIGURE 1.—Development of resistance to 9-AFH in transfer generation 44 from 
the P1798 lymphosarcoma sensitive to 9-AFH subcutaneous line. 


The response of the resistant sublines was studied in several experiments. 
Experiments showing the change in tumor measurement are recorded in 
table 1. In the first experiment (transfer generation 45), mice with large 
subcutaneous tumors of P1798-9-AFH-R,-A were treated with 25 mg. per 
kg. of 9-AFH for 5 consecutive days starting on the 14th day after tumor 
inoculation. The tumors regressed after 5 days of treatment to 32.3 
percent of their original volume. After treatment was discontinued the 
neoplasms grew progressively in 12 days after the first treatment to 534 
percent of their original volume. This is in contrast to the tumors in mice 
with the P1798/S-9-AFH line (15) which were treated in the same manner. 
These mice had no progressively growing neoplasms 12 days after treat- 
ment (15). Thus partial resistance was developed after a short-term 
selection in 1 transfer generation. 

The subline P1798-9-AFH-R,-B (see table 1) treated with 9-AFH re- 
sponded in the same manner as P1798-9-AFH-R,-A (transfer generation 
45). Tumors in mice treated with cortisone increased in volume, despite 
the same treatment. In mice given 25 mg. per kg. of Decadron for 5 days, 
large subcutaneous tumors regressed to 10 percent of their original volume 
but grew rapidly after treatment was completed. 


VOL. 24, NO. 6, JUNE 1960 


25 
= 
20 
| 
£10 
5 
5 10 15 20 25 30 4 
tied, 


“@UOST}IOD = = = FFA V = Vee 
‘Oo/A TVA 219M YORI Uy [TVs 


03 


oS 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


We 


x 
a 
= 
< 


yo/uo sad quour 
S19JSUBIY jo Avg 
Jequinn 
SB pessoIdxe JOUIN} Ul 


1344 
| + 
| ax Ss 
| + 
++ 
no 
Sai 
=O On 
l++++ 
oo ow 
SAND 
+++ +4+4++ ++ 
OS 


9a-FLUOROHYDROCORTISONE RESISTANCE 1345 


As the 9-AFH-resistant tumor was serially transplanted with 9-AFH 
treatment, the P1798-9-AFH-R,-A subline in contrast to the (-B) became 
more resistant to 9-AFH (see table 1). Subline P1798-9-AFH-R,-C was 
established from (-A) after 4 transfer generations in mice treated with 
9-AFH and after serial transplantation for 6 transfer generations in un- 
treated mice and then tested. The tumors in this resistant subline (-C) 
continued to grow despite treatment with 9-AFH at the maximum tolerated 
dose of 25 mg. per kg. for 5 days (see table 1). Cross-resistance was 
indicated with Decadron since the increase in size of the tumors was 
approximately the same as in mice treated with 9-AFH. This resistant 

_ subline (-C) was tested again after 9 and 12 transfer generations without 
the drug and responded in the same manner (see tables 2 and 3). Thus 
9-AFH resistance has remained stable, heritable, and irreversible through 

12 transfer generations. 


Effects of 9-AFH, Decadron, and Cortisone on Survival Time and 
Average Tumor Diameter 


The effects of 9-AFH, Decadron, and cortisone on survival time and 
average diameters of tumors in mice bearing subcutaneous transfer lines 
P1798-9-AFH-R,, -A, -B, and -C are given in table 2. 9-AFH, when given 
to mice with large localized growths, caused a decrease in the tumor size 
in the first transfer generation of the resistant line, but the tumors con- 
tinued to grow after treatment was completed. None of the mice with 
large localized growths treated with 25 mg. per kg. of 9-AFH for 5 con- 
secutive days lived over 100 days. In contrast in the P1798/S-9-AFH 
line, up to 30 percent of mice with established tumors lived over 100 days 
after only 5 consecutive treatments of 25 mg. per kg. of 9-AFH (15). 
In the P1798-9-AFH-R,-B line serially transplanted without the drug for 
4 transfer generations, 9-AFH-treated mice lived a few days longer than 
controls but none lived over 100 days. In the P1798-9-AFH-R,-A line 
the tumors increased in size, and the untreated mice with tumors and 
treated mice died in approximately the same period (see table 2). 

The untreated controls and 9-AFH-treated mice with the P1798-9- 
AFH-R,-C line (6 transfer generations without the drug) died at an 
average of 24.2 + 0.6 and 25.2 + 0.9 days, respectively, indicating that the 
selective process was stable and heritable once the true resistance to 
9-AFH was achieved (see table 2). This resistant subline (-C) responded 
in the same manner after 9 and 12 transfer generations without 9-AFH 
(see tables 2 and 3). The Decadron-treated mice in line (-C) died at an 
average of 25.5 + 0.3 days. 

The observations showing the effects of 9-AFH and Decadron on estab- 
lished tumors of P1798 lymphosarcomas in the same host are given in 
table 3. (The right side of the animal was implanted with the 9-AFH- 
sensitive line and the left side with the 9-AFH-resistant line.) The tumors 
of the controls increased in size on both sides in 5 days. In the mice of 
the P1798-9-AFH-R,-A line treated with 9-AFH at 25 mg. per kg. for 5 
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days, the tumors had almost completely regressed on the right side (8 of 
10 mice had no progressively growing neoplasms), but on the left side the 
9-AFH-resistant tumors continued to grow progressively in comparison 
to controls. Thus there was regression of the neoplasm on the right side, 
and in the same animal, resistant tumors grew progressively on the left 
side. Cross-resistance was obtained with Decadron when it was given at 
the same dosage schedule of 25 mg. per kg. for 5 consecutive days in the 
P1798-9-AFH-RA,-A line. The neoplasm on the right side regressed and 
the one on the left grew progressively in the same animal. The survival 
time of untreated controls and mice treated with 9-AFH and Decadron 
was approximately the same (see table 3), since the mice died from the 
growth of the 9-AFH-resistant tumors. 

Text-figure 2 shows that tumors of the P1798-9-AFH-R,-C line on the 
left side of the mice on the maximum tolerated regimen of 25 mg. per 
kg. for 5 days increased at a rate comparable to the tumors in the controls, 
regardless of the time the 9-AFH treatment was initiated. When 9-AFH 
treatment with 25 mg. per kg. for 5 consecutive days was initiated 24 
hours after tumor inoculation, growth of the P1798/S-9-AFH line on the 


CONTROL 0.2cc. SPF (IOx) | 
SURVIVAL 24.9 (22-27) DAYS | 


7 


----- 9q FLUORO-HYDROCORTISONE 25mg./Kgm. (5x) | 
Treatment started 24 hrs. after inoculation 
SURVIVAL 20.9 (19-22) DAYS 


9d FLUORO- HYDROCORTISONE 25 mg./Kgm. (5x) 
Trectment storted on I4th doy of tumor | 
SURVIVAL 24.2 (22-27) DAYS 


ital 


Left Side of Mouse P1798 Right Side of Mouse P1798 
53 s.c. AFH Resistant * 55 s.c. 


Sensitive to AFH 


AVERAGE TUMOR DIAMETER 
AVERAGE TUMOR DIAMETER 


‘ 
° 5 10 15 ° 5 10 
DAYS DAYS 


TEXT-FIGURE 2.—Effect of 9-AFH on P1798-resistant and sensitive to 9-AFH sub- 
cutaneous lines of tumors in the same host. The 9-AFH-resistant line, after 4 
transfer generations with 9-AFH treatment and after 6 transfer generations without 

the drug, was inoculated into the left side of the animal. 
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right side was completely suppressed, but on the left side of the same 
animal, the P1798-9-AFH-R,-C tumors continued to grow progressively. 
When treatment with 9-AFH was started on the 14th day after inoculation, 
tumors of the P1798/S-9-AFH line regressed completely on the right side 
of the mouse (100% were negative on the right). However on the left 
side of the same mice the tumors of the P1798-9-AFH-R,-C line continued 
to grow progressively. When mice were treated with Decadron, regard- 
less of the time treatment was initiated, the resistant tumors on the 
left side increased in size comparable to those of untreated controls 
(see table 3). Thus cross-resistance was again demonstrated with 
Decadron and the 9-AFH-resistant line (-C). The same type of response 
to 9-AFH was obtained when the P1798-9-AFH-R,-C line was trans- 
planted 12 times without 9-AFH (see table 3). These experiments 
indicate that the P1798-9-AFH-R,-C-resistant subline is highly resistant 
to 9-AFH and has remained stable and heritable. 


DISCUSSION 


Cortisone treatment produced striking but short-duration remissions in 
certain cases of acute leukemia in man (20, 21) thus indicating that the 
study of steroid drug resistance is important. A remarkable similarity 
exists between the cortisone-induced remissions in acute leukemias in man 
and the regression of the large subcutaneous masses of P1798 lymphosar- 
coma in mice (14). Both are neoplasms of lymphocytes. A drastic lysis- 
type event follows steroid administration. Both neoplasms grow progres- 
sively on retreatment. The experimental model in mice then provides 
further information directly bearing on the nature of cortisone-induced 
remissions in man. The implication to clinical medicine is chiefly that 
resistance can be developed to the more active variety of steroid as early 
as it can to cortisone (14). 

The experiments reported indicate another technique for the develop- 
ment of steroid resistance in a highly 9-AFH-sensitive line of P1798. In 
this method, 9-AFH resistance was developed in a single transfer gen- 
eration by administration of 25 mg. per kg. of 9-AFH for 5 consecutive 
days to a female BALB/c mouse with an established tumor. The devel- 
opment of resistance appeared to be a selective process in which the 9-AFH 
killed off almost all the sensitive neoplastic cells and left a small number 
of residual resistant cells which were not detectable by palpation. 

As the P1798-9-AFH-R,-A line was passed from one transfer generation 
to another with the maximum tolerated dose of 9-AFH of 25 mg. per kg. 
for 5 consecutive days, resistance to 9-AFH increased. This is similar 
to the development of amethopterin resistance reported by Law (4), 
who found that increases in resistance in leukemic cells occurred in 
discrete, stepwise fashion resembling in this respect the development of 
resistance in bacteria to penicillin (22). 

The method of studying the effect of steroids on established sensitive 
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and resistant P1798 lymphosarcomas in the same host may be helpful 
in the screening of new steroid compounds. 
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Response of a Localized Lymphocytic Neoplasm 
of the Mouse to 9a-Fluorohydrocortisone and 
Related Steroids ':?:* 


JULIA McCAIN LAMPKIN-HIBBARD, Cancer Research 
Laboratory, University of Miami, Coral Gables, Florida 


SUMMARY 


A lymphosarcoma was found to be 
highly sensitive to 9a-fluorohydrocorti- 


100 days. Prednisone was the next 
most effective steroid in causing re- 


sone (9-AFH) and Decadron. Decadron 
and 9-AFH prolonged the life of ani- 
mals bearing this neoplasm when given 
24 hours after tumor inoculation or 
after the tumor had reached consider- 
able size. In the 39th transfer genera- 
tion, 30 percent of the mice treated 
with 25 mg. per kg. of 9-AFH for 5 
days, starting on the 14th day after 
inoculation (established tumors 1.9 
cm. in diameter), lived over 100 days 
without the neoplasm. Decadron was 
the most effective compound in increas- 
ing the survival time of tumor-bearing 
mice. When the dose of Decadron 
was 10 mg. per kg. for 10 consecutive 
days, 63 percent of the mice lived over 


gression of established tumors. This 
neoplasm was not as responsive to 
cortisone after the 38th transfer gen- 
eration as it had been previously. Cor- 
ticosterone was relatively inactive. A 
biological method for screening new 
steroid compounds in which the sensi- 
tive and resistant tumors are implanted 
in the same host is_ described. 
The corti istant subline is cross- 
resistant to 9-AFH, Decadron, and 
prednisone. The cortisone-resistant 
line of P1798 has remained resistant 
after serial transplantation for 40 
transfer generations without corti- 
sone.—J. Nat. Cancer Inst. 24: 1353- 
1366, 1960. 


IN 1944, Heilman and Kendall (1) reported that established transplanted 
mouse lymphosarcoma regressed almost completely after treatment with 
compound E (cortisone). This discovery, along with the elucidation of 
the physiological effects of adrenocortical substances on normal lymphoid 
tissue (2-6), led to the use of cortisone in the treatment of acute leukemia 
in man. Cortisone produced striking but short-duration remissions in 
certain cases (7, 8). 

Subsequent work, up to 1957, with cortisone therapy used on many of 
the commonly transplantable mouse and rat lymphoid tumors (9-19), 
failed to produce effects similar to those reported by Heilman and Kendall. 
In 1957, Lampkin and Potter (20) described a neoplasm, P1798, which 


! Received for publication November 17, 1959; revised January 18, 1960. 
2 Supported by contract No. SA-43ph-1681, Cancer Chemotherapy National Service Center, National Cancer 
Institute, National Institutes of Health, Public Health Service. 


* The Cancer Chemotherapy National Service Center has reviewed this paper for security only. 
1353 


ie 
Le 
Ae 
| 
it: 
ifs 
| 
| 


1354 LAMPKIN-HIBBARD 


was similar to the type used by Heilman and Kendall in that it arose 
from a mediastinal structure, the thymus, and produced a massive sub- 
cutaneous growth at the site of inoculation. Both neoplasms were 
studied during the early transfer generations. The effects of treatment 
with cortisone (20) and related steroids (2/) on the growth of the trans- 
plantable P1798 lymphoid neoplasm, and the development of a cortisone- 
resistant line were reported. 

The following report is based on further observations of the effects of 
treatment with cortisone and 9a-fluorohydrocortisone * (9-AFH) (20-22) 
on the P1798 tumor line transplanted subcutaneously and sensitive to 
cortisone (P1798/SE). In the previous report (20), which covered the 
on the P1798 tumor line transplanted subcutaneously and that is sensitive 
to cortisone (P1798/SE). In the previous report (20) which covered the 
response of P1798 to cortisone in the first 12 transfer generations, estab- 
lished tumors regressed almost completely after treatment with cortisone 
at 25 mg. per kg. for 5 days. After the 38th transfer generation, P1798 
was less responsive to cortisone; however, it has remained highly sensitive 
to 9-AFH (21). 

Two effects of 9-AFH on neoplasm P1798 have been observed in the 
P1798/SE line—henceforth also known as the 9-AFH-sensitive line 
(P1798/S-9-AFH): (1) complete regression of established tumors and (2) 
prolonged survival time of mice after treatment of large established 
tumors. 


MATERIALS AND METHODS 


The neoplasm P1798 used in this study arose in a BALB/c male 
mouse and has been described (20, 23). Histologically (20) the tumor 
was characteristic of lymphocytic neoplasms in the mouse. 

BALB/c mice and (BALB/c * DBA/2)F, hybrids were obtained from 
the inbred colony of Dr. W. F. Dunning. The mice were housed in 
plastic cages, 10 to 12 mice per cage, and fed Purina laboratory chow 
pellets and tap water ad libitum. At the time of inoculation of the 
tumor, the recipient mice were 1% to 3 months of age and weighed from 
20 to 25 gm. The subcutaneous tumor passages were made by a 13 guage 
trocar into the right flank. 

The growth or regression of subcutaneous tumors was determined by 
the techniques described by Schrek (24). The tumors were measured in 
three dimensions by a millimeter rule. The length, width, and height 
away from the body were obtained, and the volumes were calculated 


3 
according to Schrek’s formula in which the tumor volume = 4/3%(5) or 


0.5236 d*. The change in volume was expressed as percent change of 
original volume for a given period. The average tumor diameter was 
also used to show growth or regression of the subcutaneous tumors. 


4 Chemical Abstracts’ nomenclature: 9a-fluoro-17-hydroxycorticosterone. 
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The cortisone acetate was a commercial preparation obtained from 
Merck. Prednisone (pregna-1,4-diene-3,11,20-trione,17,21-dihydroxy), 
corticosterone (pregn-4-ene-3,20-dione,118,21-dihydroxy), 9a-fluorohy- 
drocortisone, and Decadron (pregna-1,4-diene-3,20-dione, 9a-fluoro-118,- 
17a, 21-trihydroxy-16a-methyl) were supplied by the Cancer Chemother- 
apy National Service Center. The crystalline compounds were prepared 
for injection by homogenizing the crystals in a suspending medium (No. 
17874, The Upjohn Co., Kalamazoo, Mich.). The drugs were adminis- 
tered subcutaneously in the interscapular region. The controls were 
similarly injected with 0.2 cc. of the suspending medium. 


RESULTS 


The observations showing the effects of 9-AFH, Decadron, prednisone, 
cortisone, and corticosterone on established tumors of the P1798/SE line 
are given in table 1. In BALB/c mice with large localized growths 
9-AFH and Decadron were administered at 25 mg. per kg. for 5 consecu- 
tive days, causing the tumors to decrease to negligible size (less than 1 
percent of original measurement) in 5 days. ‘Twelve days after the first 
treatment with 9-AFH or Decadron, the mice had no palpable neoplasms. 
Tumors in the controls increased to 162 percent during the same period. 
In contrast, BALB/c mice treated with cortisone at the same dose for 5 
days had tumors that regressed to 31.7 percent of the original volume and 
grew to large localized growths after treatment was completed. Tumors 
in (BALB/c X DBA/2)F;, mice treated in the same manner with cortisone 
regressed to 7 percent of the original volume. Tumors in BALB/c mice 
treated with prednisone regressed to a greater degree than tumors in 
cortisone-treated mice (10.6 percent of the original volume), but grew pro- 
gressively like the tumors in cortisone-treated mice after treatment was 
completed. In mice treated with 25 mg. per kg. of corticosterone, the 
tumors continued to grow progressively. 

Text-figure 1 shows the effect of 9-AFH, cortisone, prednisone, and 
corticosterone on established tumors of the P1798/SE line in the 39th 
transfer generation. On the 14th day the average diameter of tumors in 
the controls was 1.9 cm. These tumors increased from 1.9 to 3.4 cm. in 
diameter in 25 days. In contrast, 12 days after 5 treatments with 9-AFH, 
100 percent of the mice were negative. Twenty-five days after the first 
treatment, 80 percent of the mice remained negative. Later, 5 mice died 
with the neoplasm infiltrating into the liver, lymph nodes, and spleen, 
but they had no localized subcutaneous growths. The average survival 
of mice that died of the neoplasm after treatment with 9-AFH was 54 
days. This was significantly different from the controls, which had an 
average survival of 35 days. Thirty percent of the mice remained nega- 
tive for over 100 days and were reinoculated. The tumors grew progres- 
sively and killed the host in 35.7 days after reinoculation. Prednisone at 
25 mg. per kg. was the next most effective steroid. Treatment with 
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BODY WEIGHT (gm.) 
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0.2ce SPF CONTROL 
35 (29-46)21.18 days 


1110 25mg/kgm Ga FLUOROHYOROCORTISONE —— 

7 positive 54 (42-69) 22.55 days 

3 negative !00+days 
a we 3710 
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DAYS 


Text-FIGURE 1.—Effect of 9-AFH, cortisone, prednisone, and corticosterone on estab- 
lished P1798 lymphosarcoma sensitive to cortisone subcutaneous line. (The sur- 
39 
vival time is presented as mean + P.E. in days.) 


prednisone caused the tumor to regress from 1.8 to 0.75 cm. in 5 days, 
but regrowth of the neoplasm occurred after treatment was completed, 
and 12 days after injections were started prednisone-treated neoplasms 
had almost reached the size of the tumors in untreated mice. Cortisone 
given at 25 mg. per kg. caused the tumors to regress from 1.8 to 1.2 cm. 
after 5 days of treatment, and 100 percent of the tumors grew progres- 
sively to a diameter of 2.4 cm. in 12 days after the first treatment. Cor- 
ticosterone had no effect on the tumors of the P1798/SE line. 

The effects of 9-AFH, Decadron, cortisone, prednisone, and corticos- 
terone on the average survival time and average diameters of tumors in mice 
bearing subcutaneous transplants of P1798/SE line in transfer generations 
39, 43, 44, 49, and 52 are given in table 2. Progressive growth of tumors 
was inhibited in mice receiving 25 mg. per kg. of 9-AFH for 5 days when 
treatment was started 24 hours after inoculation; over 30 percent of these 
mice lived more than 100 days. Thirty-eight percent of the mice lived 
over 100 days that received 25 mg. of 9-AFH per kg. for 5 days and then 
12.5 mg. per kg. for 7 days when treatment was started 24 hours after 
inoculation of the tumor. Fifteen percent of the mice that were treated 
with 9-AFH on the 14th day after inoculation of the tumor lived over 
100 days. The observations given in table 2 indicated that Decadron 
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was the most effective compound in increasing the survival time of the 
mice. When the dose of Decadron was 10 mg. per kg. for 10 consecutive 
days, 63 percent of the mice lived over 100 days, and the 1 mouse that 
died of tumor had survived the controls by 40.5 days. In contrast, only 
20 percent of the mice treated with 9-AFH at a dose of 10 mg. per kg. 
for 10 consecutive days lived over 100 days, and the mice that died of the 
tumor survived the controls by 22.8 days. Most mice that died of the 
tumor after treatment with either 9-AFH or Decadron lived significantly 
longer than untreated mice with tumor. From 10 to 38 percent of the 
9-AFH-treated mice and 10 to 32 of the Decadron-treated mice died from 
toxic effects of the drugs, as shown in table 2. Prednisone and cortisone 
caused some regression of the tumors but did not greatly increase the 
survival time. Corticosterone did not cause regression of the established 
tumors and did not significantly affect the survival time of the mice. 
Text-figure 2 shows the difference in the growth of the tumor in transfer 
generations 2 and 49. The difference in survival is also apparent in 
controls that died at an average of 48 and 29 days, respectively. Hybrid 
mice (BALB/c X DBA/2)F, treated with a dose of 25 mg. per kg. of 
cortisone for 7 days and 15 mg. per kg. for 5 days had an average survival 
of 45 days in transfer generation 49 in contrast to those living over 300 
days in transfer generation 2 (20). The growth of P1798/SE and its 
response to cortisone in transfer generations 39 to 52 have remained 
constant, with controls in BALB/c and (BALB/e * DBA/2)F, hybrids 
dying at 29.5 + 0.7 days and 29.0 + 0.6 days, respectively (see table 2). 
Further observations were made on the mice surviving over 100 days 
without the tumor after 9-AFH treatment (see table 2) when mice 
were reinoculated with P1798 and retreated with 9-AFH. The average 
survival of mice reinoculated and not retreated was 34.1 days. The 
average survival of mice reinoculated with the tumor and retreated on 


C4 
= 
= 
(BALB/c x OBA/2)F, 
w 
PIT 25mg/kgm 7x 
cortisone 300+ (15 mg/kgm 
_ CONTROL 28.5( 25-35) 
cortisone 45.2( 38-60) 
T T T T T T | 
° 10 20 30 40 300+ 


DAYS 


Text-FricuRE 2.—Effect of cortisone on P1798 lymphosarcoma sensitive to cortisone 
subcutaneous line in transfer generations 2 and 49. 
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the 14th day after reinoculation was 56.2 days, and 1 mouse lived 300+ 
days with no progressively growing subcutaneous tumor. One mouse 
that was reinoculated and not retreated remained negative and had no 
progressively growing subcutaneous neoplasm. ‘This mouse was reinocu- 
lated a second time and died of a progressively growing neoplasm. In 
transfer generation 49, 7 of 9 mice treated with 10 mg. per kg. of Decadron 
for 10 consecutive days lived over 100 days and were reinoculated. All 
these mice died with progressively growing neoplasms at an average of 
34.7 days after reinoculation. 

Table 3 shows the effect of 9-AFH, Decadron, prednisone, cortisone, 
and corticosterone on established tumors of the cortisone-resistant line 
of P1798 (P1798/RE). Note that tumors in the cortisone-treated mice 
did not regress but continued to increase in size despite treatment with 
25 mg. per kg. for 5 days. Thus the P1798/RE line has remained resistant 
for 40 transfer generations, although it was serially transplanted without 
cortisone treatment. Large tumors in mice treated with 9-AFH regressed 
somewhat in 5 days after treatment with 25 mg. per kg., but grew pro- 
gressively to large localized growths after injections were completed. 
This is in contrast to the effect of the tumors in the mice inoculated with 
tumors of the P1798/SE line. These mice did not have palpable neoplasms 
12 days after the first treatment. Thus, there is evidence of cross- 
resistance to 9-AFH. Tumors of the mice regressed in 5 days (19% of 
original volume) when treated with Decadron at a dose of 25 mg. per kg. 
but grew progressively to large localized growths after injections were 
completed. This is in contrast to the effect of Decadron on tumors in 
the mice that were inoculated with tumors of the P1798/SE line and 
that did not have palpable neoplasms 12 days after the first treatment. 
Thus there is evidence of cross-resistance to Decadron. Tumors of the 
prednisone-treated mice did not regress; however, the tumors of the 
predisone-treated mice were not as large as the tumors in the cortisone- 
treated mice. Tumors did not regress after treatment with corticosterone. 

Table 4 shows the effect of 9-AFH, Decadron, prednisone, cortisone, 
and corticosterone on survival time and average diameter of tumors in 
mice bearing subcutaneous transfers of P1798/RE line. In all groups, 
survival time was not greatly increased by any of the compounds tested. 
The tumors continued to grow when cortisone treatment was given 24 
hours after inoculation as well as when treatment was given to mice with 
14-day tumors. None of the animals with large localized growths treated 
with 9-AFH and Decadron on the 14th day of the tumor lived over 100 
days. In contrast, mice with established tumors of the P1798/SE line 
lived over 100 days after only 5 consecutive treatments with 25 mg. per kg. 
of 9-AFH starting on the 14th day. However, when treatment with 25 
mg. per kg. of 9-AFH was started 24 hours after inoculation of the tumor, 
the tumor growth was suppressed and 1 mouse lived over 100 days. 
Cross-resistance was indicated with 9-AFH, Decadron, and prednisone. 

Table 5 shows the effect of 9-AFH and cortisone on established tumors 
of P1798 -sensitive and -resistant lymphosarcomas in the same host. 
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The right side of the animal was implanted with P1798/SE and the left side 
was implanted with P1798/RE. Tumors of controls increased on both 
sides in 5 days. Mice treated with 9-AFH at 25 mg. per kg. for 5 days 
were almost negative on the right, but not on the left. In contrast, in the 
cortisone-treated mice, which received 25 mg. per kg. for 5 days, the 
neoplasm on the right side regressed and the one on the left side grew 
progressively in the same animals. 


DISCUSSION 


Observations reported reveal the striking growth-inhibitory effects of 
9-AFH and Decadron and the comparative growth-inhibitory relation- 
ships of related steroids. These are manifested by the suppression of 
growth of subcutaneously inoculated tumors and the regression of estab- 
lished tumors. Not only can the effects of 9-AFH inhibition be demon- 
strated by growth-measurement studies, but they are also reflected in the 
survival data even when 9-AFH treatment was started 14 days after 
tumor inoculation. Thirty percent of the mice treated on the 14th day 
after inoculation of the tumor in the 39th transfer generation lived over 
100 days. The mice that lived over 100 days were reinoculated with the 
tumor and died of progressively growing neoplasms. When treatment 
was started 24 hours after inoculation, Decadron was the most effective 
compound in increasing the survival time. A comparative study of the 
effects of steroids related to 9-AFH and Decadron was made. Prednisone 
was the next most effective compound. Prednisolone was similar in 
response to prednisone but not as active (21). Cortisone was the next 
most effective compound in inhibiting P1798. Because of the develop- 
ment of resistance during transplantation, this neoplasm was not as 
responsive to cortisone after the 38th transfer generation as previously 
reported (20). Cortisone was slightly more active than hydrocortisone 
(21). Corticosterone did not cause the neoplasm to regress and did not 
increase the survival time. 11-Dehydrocorticosterone was also relatively 
inactive (21). 

A comparative study was also made of the effects of 9-AFH and related 
steroids in the P1798/RE line. The cortisone-resistant line was cross- 
resistant to 9-AFH, Decadron, and prednisone. The P1798/RE line has 
remained resistant after serial transplantation for 40 transfer generations 
without cortisone. 

The effect of 9-AFH, cortisone, and related steroids on established 
sensitive and resistant tumors of P1798 lymphosarcomas in the same host 
can be a helpful biological tool in the screening of new steroid compounds. 
The answer can be obtained 5 days after treatment is started. Not only 
may the antitumor effect of a compound be tested, but this sensitive 
system may be useful in establishing dose-response relationships. As 
stated in an earlier paper (20) this method of assay suggests that the 
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lymphosarcoma of the mouse may be the tumor of choice for the study of 
the mechanism of action of antileukemic steroids related to cortisone. 

The use of highly steroid-sensitive neoplasms for biochemical study 
is indicated. Study of this type of neoplasm may elucidate the bio- 
chemical mechanism for the destruction of normal and neoplastic 
lymphocytes. ‘The site or sites of action in biochemical mechanisms may 
be compared by a study of 9-AFH-sensitive and -resistant neoplasms. 
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Acceptance of Rat and Mouse Lung Grafts by 
Radiation Chimeras ':? 
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SUMMARY 


Rat-mouse bone marrow chimeras, i.e., 
lethally X-irradiated mice that had re- 
ceived injections of rat bone marrow, 
were given grafts of rat and mouse lung 
tissue by subcutaneous implantation 
at 14 to 270 days post irradiation. The 
lung grafts were removed 35 to 40 days 
after implantation, fixed in formalin, 
and the histologic sections examined 
microscopically for evidence of growth 
and persistence of the graft, or of rejec- 
tion. In normal nonirradiated mice or 
in isologous chimeras (irradiated mice 
receiving injections of isologous bone 
marrow), the mouse lung grafts grew 
well in 73 percent of the recipients, 
while rat lung grafts were rejected in 
100 percent of the animals. In the 
heterologous chimeras given grafts 
at 14 to 38 days post irradiation, rat 
lung tissue grew well in 56 percent of 
the animals, while mouse lung tissue 
grew well in only 19 percent (16 mice). 
In heterologous chimeras (19 mice) 


San Francisco, California 


LETHALLY X-IRRADIATED mice receiving injections of foreign bone 


given grafts at 55 to 270 days post irradi- 
ation, rat lung grafts grew well in 58 
percent of the mice and mouse lung 
grafts in 69 percent. These late chim- 
eras appeared healthy and there was 
evidence of weight gain, growth of hair, 
and a return to normal lymphoid archi- 
tecture. In one chimera, which lost 
its rat marrow graft at 60 days post 
irradiation (as evidenced by the absence 
of alkaline-phosphatase-positive rat 
granulocytes in the peripheral blood), 
mouse lung tissue grew well, but rat 
lung tissue was rejected. On the basis 
of the present study, in the majority of 
long-lived heterologous chimeras, both 
rat and mouse cells exist or eventually 
exist in varying proportions in individ- 
ual mice, which are capable of some 
immunological response in general, but 
incapable of reacting specifically to host 
or donor-type isoantigens.—J. Nat. 
Cancer Inst. 24: 1367-1387, 1960. 


marrow (homologous or heterologous) ® may survive for the first month 
after irradiation primarily because the injected cells repopulate the host 


tissues and act as a vital functioning graft (1-4). 


! Received for publication November 27, 1959; revised January 19, 1960. 


The majority of these 


3 This study was supported through funds provided by the Bureau of Medicine and Surgery, U.S. Navy De- 
partment, and the Office of Civil and Defense Mobilization. The opinions and assertions contained herein are 
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3 Present address: Department of Medicine, the Johns Hopkins Hospital, Baltimore, Md. 

4 Lt. (MSC), U.S. Navy. 

5 Isologous—from same inbred strain; homologous—from same species, but different genotype; heterologous— 
from different species; autologous—from same individual or animal. 
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chimeras, in contrast to isologous chimeras that live for a large fraction of 
their expected normal lifespan (5), die between 30 and 90 days post 
irradiation, of “homologous” or ‘“‘heterologous” disease. The latter terms 
have been suggested by Trentin (6) to describe the specific complications 
incident to successful transplantation of heterologous or homologous 
marrow or lymphoid tissue in the nonimmunologically reacting host. 
The available evidence, adequately summarized (7-10), although in- 
direct, strongly suggests that an immunological reaction of the donor cells 
directed against the host plays a major causative role in this disease. 

Barnes et al. (9), on the basis of studies with tumor transplants, have 
recently suggested that, in the few mice that survive homologous disease, 
the donor immune system becomes “paralyzed” * to host antigens and the 
regenerating immune system of the host becomes “tolerant’”’ to donor 
antigens. 

In this context we wish to report our observations on the fate of rat and 
mouse (parental strain) lung-tissue grafts, implanted subcutaneously at 
various times post irradiation, in lethally irradiated LAF, mice transfused 
with rat bone marrow. Previous work of Heston and Dunn (1/1) and 
Heston and Steffee (12) had suggested to us the possible application of 
subcutaneous lung grafts in immunological studies of radiation chimeras. 


MATERIALS AND METHODS 


Radiation chimeras were prepared from male and female (C57L X A) 
F, mice, 9 to 16 weeks of age. Up to 40 mice were simultaneously exposed 
to whole-body X rays (250 kvp, 15 ma.; HVL 1.5 mm. Cu) at a dose of 
870 r, measured in air. This dose is about 100 r above the LD100 (30 
days) for our LAF, mice (13). Other radiation factors and details of ex- 
posure were the same as reported previously (14). In general the mice 
were housed 10 to the cage in metal cages, but in some groups animals were 
housed individually or 2 to 3 to the cage in plastic cages. The animals 
were provided with Purina chow and tap water ad libitum. 

Male and female Sprague-Dawley rats, 8 to 18 weeks of age, were used 
as bone marrow donors. The rat marrow was collected by aspiration, 
suspended in cold sterile Tyrode’s solution containing 3200 units of crys- 
talline penicillin G per ml., and then filtered through sterile gauze as de- 
scribed previously (13). An 0.2 ml. volume of the filtered and chilled 
marrow, containing 70 mg. of rat bone marrow (about 70) 10° nucleated 
cells) was injected intravenously into nonanesthetized mice 1 to 3 hours 
after irradiation. Immediately after the marrow transfusion, each mouse 
received an intraperitoneal injection of 1 ml. of Tyrode’s solution contain- 
ing 3200 units of penicillin. Isologous radiation chimeras were prepared 


6 “* Paralysis” describes the state produced in animals by overwhelming doses of antigen, as described by Felton 
et al. (J. Immunol. 74: 17-26, 1955). ‘‘Tolerance” is the word proposed by Billingham et al. to describe nonreactiv- 
ity observed in animals that receive antigen during a restricted period of early development. (Nature, London 
172: 603-606, 1953,) 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


LUNG-GRAFT ACCEPTANCE IN RADIATION CHIMERAS 1369 


in a similar way. The donors were male and female LAF, mice, 9 to 16 
weeks of age; 1 to 5 mg. of bone marrow (about 1-5 X 10° nucleated cells) 
was injected intravenously. 

Female Sprague-Dawley rats and female strain A mice, 8 to 12 weeks 
of age, were used as lung transplant donors. The animals were killed by 
cervical dislocation and the lungs excised. The peripheral parts of the 
lungs, which were used to avoid excessive lymphoid tissues in the hilar 
areas, were cut, with fine scissors, into pieces measuring about 5 mm. X 
5 mm. and suspended in iced Tyrode’s solution containing 3200 units of 
penicillin per ml. The lung grafts were used immediately. 

Recipient mice were lightly anesthetized with ether. The back was 
shaved and a small slit was made through the skin with sharp scissors. 
The subcutaneous tissue was loosened with a blunt probe inserted through 
the skin slit. The grafts were placed subcutaneously with the aid of fine 
forceps, 2 to 3 cm. cephalad to the slit opening. The animals were re- 
turned to their cages without further treatment. Each mouse received 
a mouse lung graft on the right and a rat lung graft on the left. The 
grafted tissue could be easily palpated thereafter, fixed to the subcuta- 
neous tissues. Infection of the operative site did not pose aserious problem. 

The mice were killed at 35 to 40 days after grafting. Lung grafts and 
various other tissues were fixed in formalin for hematoxylin-eosin histo- 
logic processing. Peripheral blood smears, bone marrow smears, and 
splenic tissue were examined for rat granulocytes by the alkaline-phospha- 
tase technique (1). 

The histologic sections were examined independently by the senior 
author and one other observer. Grading of the lung grafts from 0 (com- 
plete rejection) to 4 (good growth with proliferative changes) was carried 
out without prior knowledge as to the derivation of the section in question. 
The results of grading by both observers were similar. 

A graft entirely replaced by fibrous tissue or necrosis, often with marked 
evidence of subacute or chronic inflammation, was adjudged 0. A graft 
graded 3 appeared as recognizable and viable lung tissue without evidence 
of necrosis, fibrosis, or rejection, or of active proliferation of bronchial or 
bronchiolar tissue. These grafts were readily recognized as lung tissue, 
with preservation, for the most part, of alveolar spaces. In some areas 
of various grafts, however, there was partial collapse of alveolar spaces 
so that superficially they often gave the appearance of loose connective 
tissue. Large macrophages filled with brown pigment were seen frequently 
in most grafts. Occasionally the sections showed areas of lymphoid 
infiltration, which often occurred in nodular foci. On one occasion the 
graft took on, superficially, the appearance of a lymph node. These 
areas of lymphoid change occurred with equal frequency in rat and mouse 
grafts, most often appeared in the central part of the graft, and occurred 
most often in the grafts graded 3 to 4. For these reasons we have inter- 
preted the changes as representing proliferation of lymphoid elements 
normally present in the lung itself and not necessarily representing an 
inflammatory reaction. Similar conclusions regarding this type of lymph- 
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oid change in lung grafts have been made by Heston and Dunn (1/1). 
Another occasional but interesting observation was that of a process 
resembling bronchiectasis, with dilatation of the bronchi, purulent exudate 
in the lumen, and leukocytic infiltration of the wall. 

In grafts graded 1 there was lung tissue present as in grade 3 grafts, 
but the sections were replaced by more than 50 percent, in cross-sectional 
areas, with fibrosis and necrosis. A grade-2 graft was similar except that 
there were only small parts of the section (less than 50 percent) replaced 
with fibrous or necrotic tissue. 

Grafts graded 4 met all the criteria for those in grade 3, but in addition 
contained areas of bronchial or bronchiolar proliferation which often 
formed cystlike structures. Ciliated epithelium, identified in many of 
these areas, suggested derivation in part, at least, from bronchi. 


RESULTS 
Controls 


Normal mice and isologous chimeras were used as controls; 22 mice 
were given lung grafts. There were 3 deaths from anesthesia, and 1 
death 3 days after the animals were given grafts. These animals were 
not included in the analysis. The remaining mice were killed 35 to 40 
days after receiving grafts. The results of this experiment are entered 
in table 1 and summarized in table 4 (see also figs. 1 and 2). 


TaBLe 1.—Growth of subcutaneous mouse and rat lung grafts in normal mice and 
isologous chimeras 


Positive lung-graft takes 
(number/total) 


Age 
Type of animal Sex (days) * Rat Mouse 
Normal M 235 0/5 5/5 
Normal F 125 0/7 4/7 
Isologous chimerat M 430 0/4 2/4 
300 days post irradiation 
Isologous chimera F 430 0/2 2/2 


300 days post irradiation 


*Age when animals were killed. 
tMice receiving an injection of 1 to 5 mg. of isologous bone marrow after exposure to 870 r. 


Mouse lung grafts grew well (grades 2 to 4) in 73 percent of the mice. 
Rat lung grafts uniformly showed evidence of rejection (grades 0 to 1) 
in 100 percent of the animals. The mice appeared healthy when killed, 
and sections of bone marrow and splenic tissue appeared normal. No 
rat granulocytes appeared in peripheral blood smears. 


Chimeras Grafted 14 to 39 Days Post Irradiation 


Fifty-four heterologous chimeras were given grafts of rat and mouse 
lung tissue 14 to 39 days post irradiation. At the time of grafting many 
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of the animals were inactive, wasted, and showed diarrhea and evidence of 
failure of hair growth (nongraying). The mortality was high and 38 
animals succumbed before completion of the experiment. Six mice died 
from anesthesia; 20 died during the 1st week after they were given grafts, 
and 12 during the 2d week. Autopsies were performed on 4 mice dying 
in the 1st week and on 2 in the 2d week. All 6 of the autopsied animals 
showed marked atrophy of lymphoid organs. The rat lung graft was 
intact in 5 animals and was replaced by an abcess in one. Mouse lung 
graft was intact in 4, was replaced by abcess in one, and showed beginning 
necrosis in another. 

The remaining 16 mice were killed 35 to 40 days after they were given 
grafts. The results of this study are noted in table 2 and summarized in 
table 4. Rat lung grew well in 56 percent of the animals (grades 2 to 4), 
while mouse lung grew well in only 19 percent. When the results are 
analyzed with reference to individual animals, in 9 animals rat lung grew 
better than mouse lung (grade difference of 2), while mouse lung grew best 
in only 2 animals (see figs. 3 and 4). In the remaining 5 mice, both grafts 
showed either partial or complete replacement by necrosis or fibrous tissue. 
Some mice were moribund and the majority appeared wasted and ill. 
All animals showed rat granulocytes in the peripheral blood, bone marrow, 
and splenic sections. There was generalized lymphoid atrophy in all the 
animals. The histologic picture, however, was not as striking as that 
observed in animals dying earlier of wasting disease. Bone marrow 
sections revealed adequate amounts of hematopoietic tissue. 


TaBLe 2.—Growth of mouse and rat lung tissue grafted subcutaneously in heterologous 
chimera 14 to 39 days post irradiation 


Positive lung-graft takes 


(number/total) 
Age 
Type of animal Sex (days) * Rat Mouse 
Heterologous chimeraft M 146 1/2 1/2 
14 days post irradiation 
Heterologous chimera M 164 1/1 0/1 
32 days post irradiation 
Heterologous chimera M 168 3/6 1/6 
33 days post irradiation 
Heterologous chimera M 167 2/2 0/2 
35 days post irradiation 
Heterologous chimera M 176 2/5 1/5 


39 days post irradiation 


*Age when animals were killed. 
tMice receiving an injection of 70 mg. of rat bone marrow after exposure to 870 r. 


Heterologous Chimeras Grafted 55 to 270 Days Post Irradiation 


Twenty-four heterologous chimeras were given grafts 55 to 270 days 
post irradiation. There were 3 deaths from anesthesia and 2 animals died 
in the 1st week after the grafting. These animals were not autopsied. 

Of the remaining 19 mice, 12 were killed for complete examination, 
and 7 had the grafts removed under light ether anesthesia. The latter 7 
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animals were the oldest chimeras and were reserved for further observa- 
tion. The results of this experiment are recorded in table 3 and sum- 
marized in table 4. Rat lung tissue grew well in 58 percent and mouse 
lung tissue in 69 percent of the mice (grades 2 to 4). Rat lung tissue 
grew better (7.e., grade difference of 2) in 6 animals and mouse lung tissue 
best in 4. The appearance of both grafts was similar in the remaining 9 
chimeras (see figs. 5 and 6—lung grafts after 154 days). 


TABLE 3.—Growth of mouse and rat lung tissue grafted subcutaneously in heterologous 
chimera 55 to 270 days post irradiation 


Positive lung-graft takes 


(number/total) 
Age 
Type of animal Sex (days) * Rat Mouse 
Heterologous chimerat M 180 1/2 2/2 
55 days post irradiation 
Heterologous chimera M 264 0/1 1/1 
139 days post irradiation 
Heterologous chimera M 279 4/6 4/6 
154 days post irradiation 
Heterologous chimera M 348 1/2 0/2 
223 days post irradiation 
Heterologous chimera M 395 5/8 6/8 


270 days post irradiation 


*Age when animal was killed. 
tMice receiving an injection of 70 mg. of rat bone marrow after exposure to 870 r. 


Tasie 4.—Behavior of subcutaneous rat and mouse lung grafts in heterologous 
chimeras—tabular summary of tables 1 to 3 


Percent of mice in 
each grade * group _— Positive 


Type of Number takes t 

graft of animals Experiment 0 1 2 38 #4 = (percent) 
Rat 18 Nonirradiated controls 94 6 0 
Rat 16 Early grafting 31 13 6 19 31 56 
Rat 19 Late grafting 26 16 5 16 37 58 
Mouse 18 Nonirradiated controls 73 
Mouse 16 Early grafting 69 13 13 6 19 
Mouse 19 Late grafting 21 11 32 11 26 69 


* Graft grading: 0 = complete rejection; 
4 = excellent growths; see text. 
t Positive takes = grades 2 to 4. 


The majority of the chimeras appeared active and fairly healthy, with 
evidence of new body and hair growth, and without evidence of diarrhea. 
Rat granulocytes were present in the peripheral blood of all these mice, 
and also in the marrow and spleen of all the autopsied chimeras. In 2 
mice, there was marked lymphoid tissue atrophy; the majority, however, 
showed evidence of reconstitution of their lymphoid tissues. They did 
not, however, show histologically as complete a return to normal as one 
sees in isologous chimeras of the same age. 

One chimera lost its rat marrow graft at 60 days, with no rat granulo- 
cytes in the peripheral blood, and was tested with rat and mouse lung 
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grafts at 100 days. The mouse lung was graded 3 and the ratlung0. No 
rat granulocytes were found in the spleen or bone marrow. Histologically 
the bone marrow and spleen appeared normal. 


DISCUSSION 


Immunological Characteristics of Chimeras With Heterologous 
Disease 


In the present study, lethally X-irradiated hybrid mice receiving 
injections of rat bone marrow (hereafter referred to as rat-mouse chimera) 
were given grafts of both rat lung and parental strain mouse lung 14 to 39 
days post irradiation. The animals were killed 35 to 40 days after graft- 
ing. Rat lung tissue grew much better than mouse lung and all animals at 
autopsy showed the persistence of functioning rat marrow. The majority 
of animals were inactive and showed marked weight loss, failure of hair 
to grow, diarrhea, and, occasionally, loss of hair. All animals demonstrat- 
ed generalized lymphoid atrophy (see figs. 7, 8, and 9). All the fore- 
going clinical and pathological observations are signs of heterologous and 
homologous disease. 

Probably some nonimmunological factors influenced the growth of the 
lung grafts, since 28 percent of mouse grafts failed to grow in normal 
nonirradiated mice. In irradiated mice, however, one would not expect 
such nonspecific factors to act preferentially against mouse grafts as 
opposed to rat grafts. An immunological explanation of the experimental 
observations seems likely. It is suggested that rat lung grows better than 
mouse lung because the donor tissue, 7.e., presumably immunogenic cell 
progeny from injected rat marrow, actively suppresses the growth of the 
mouse lung graft, particularly in the early chimeras (ef. table 4). If this 
is true, then it would also follow that donor tissue might actively suppress 
the growth of other host tissues, such as bone marrow and lymphoid organs, 
and thus contribute to the observed histologic picture of heterologous 
disease. 

Barnes et al. (15) and Ilbery et al. (16) believe that a graft-versus-host 
reaction plays an important role in homologous disease. They found, how- 
ever, that for a month or more after the establishment of the chimeric 
state these animals showed little resistance to the growth of a malignant 
tumor foreign to host and donor. In the heterologous situation, we have 
noted that if a rat-mouse chimera is inoculated, 30 to 40 days post irradi- 
ation, with a leukemia that will ordinarily grow only in the mouse, the 
animal will succumb to the leukemia (17). Malignant tissues, however, 
are “aggressive” and in certain instances might overcome minor immu- 
nological barriers to growth. Thus one might expect normal tissues to be 
more sensitive immunological test systems. 

In exceptional cases we (/, 7) and others (18) have observed that some 
rat-mouse chimeras may reject a rat bone marrow graft. Zaalberg et al. 
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(19) have noted that both a rat marrow and skin graft may be rejected. 
These observations suggest the possibility, at least, that in a few instances 
an immunological reaction of host versus graft may occur. 

Ferrebee (20) has suggested that the radiation chimera is an immu- 
nological cripple that is unable to defend itself properly against foreign 
invaders, including yeasts, viruses, bacteria, and parasites. Grabar et al. 
(21) have suggested that the bacteria autologous or symbiotic with the 
host may be “foreign” and pathogenic to a mouse with a rat immune 
system. In this regard we have noted that the number of rat-mouse 
chimera which survive for greater than 60 days may be increased from a 
few (0 to 10%), when animals are caged in groups and given no antibiotics, 
to as high as 30 percent when special care is taken by individual caging 
(isolation) and weekly injections of depot penicillin (22). The favorable 
effect on longevity of but one treatment with penicillin is measurable (13). 
These observations have suggested to us that, although a reaction of donor 
versus host plays a prime role in the genesis of heterologous and homol- 
ogous disease, it is the bacterial, viral, and other infections that are the 
ultimate cause of the observed deaths in heterologous and homologous dis- 


ease. Unfortunately, to date, no serious bacteriological data concerning 
this problem have been published. 


Immunological Status of Long-Lived Chimeras 


Rat-mouse chimeras were given grafts of mouse and rat lung 55 to 270 
days post irradiation and killed 35 to 40 days later. Rat lung grew as 
well as in the previous group given grafts 14 to 39 days post irradiation. 
Mouse lung grew almost as well as it did in nonirradiated control mice. 
In 1 out of 2, both mouse and rat grafts grew well and in 1 out of 4, 
mouse lung grew best. These chimeras appeared fairly healthy with 
evidence of weight gain, growth of hair, disappearance of the earlier 
diarrhea, and marked increase in activity. Although not generally as 
robust, they exhibited outwardly as good a state of health as that of 
isologous chimeras of the same age. All the animals showed evidence 
of continuing function of the rat marrow and a return toward “normal” 
of their lymphoid structures (see figs. 7 and 8). Barnes et al. (9) have 
noted that long-lived homologous chimeras also regain a healthy condition 
and often live for months thereafter. 

The fact that these chimeras gain in health strongly suggests they have 
a functioning immunological system. Previous findings in this laboratory 
(23) and those of Gengozian et al. (24) have indicated that the long-lived 
rat-mouse chimera is able to produce circulating antibodies, albeit at a 
low level, in response to the injection of foreign erythrocytes. Further- 
more, since it has been reported that these long-lived chimeras are able to 
reject skin (25) or tumor grafts (9) foreign to the host and donor, it 
appears that these animals are also capable of initiating an immuno- 
logical response of the delayed type, not generally associated with the 
production of circulating antibodies. (One must be cautious in making 
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conclusions regarding an animal’s “immune” status based solely on the 
observed serologic response to one or two particulate antigens.) 

In the present work, only the presence or absence of rat granulocytes 
was noted in the chimeras. Zaalberg and van Bekkum (26), however, 
were able to differentiate, with appropriate antiserums, long-lived rat- 
mouse chimeras into 3 groups. Of 23 mice, 59 to 265 days post irradiation, 
10 showed only rat cells in the peripheral blood, 10 showed mixtures of 
rat and mouse cells, and 3 showed no rat cells (total reversals). Identi- 
fication of cells in the lymphoid organs paralleled the findings in the 
peripheral blood. Ford et al. (27) using a chromosome-marker technique 
noted that in the majority of rat-mouse chimeras there was a mixture of 
rat and mouse cells. 

On the basis of the present study and information from the cited 
reports, we favor the hypothesis that in the majority of long-lived heterolo- 
gous chimeras, both rat and mouse cells exist, or eventually exist in varying 
proportions in individual mice, which are capable of some immunological 
response in general, but incapable of reacting specifically to host or 
donor-type antigens. 

Barnes et al. (9) have reached similar conclusions in studies with 
long-lived homologous chimeras. Their suggestion that the donor cells 
become paralyzed to host antigens and that the host cells become tolerant 
to donor antigens is at the moment an attractive hypothesis applicable, 
perhaps, to the long-lived heterologous chimera. If the hypothesis is 
further substantiated, investigations aimed at accelerating the induction 
of donor-immune paralysis in radiation chimeras might prove rewarding. 
At the same time it is comforting that other attempts at abrogating the 
homologous reaction in animals are meeting with some success (28-34). 
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Figure 1.—Parental mouse lung 6 weeks after being subcutaneously grafted in non- 
irradiated LAF, mouse. Note evident epithelial proliferation (center) and partially 
collapsed alveolar structures (bottom). Hematoxylin and eosin. X 150 


Figure 2.—Parental rat lung 6 weeks after being subcutaneously grafted in same 


mouse as in figure 1. There is complete absence of organized structure, and graft 
appears as area of necrosis and chronic inflammation. Hematoxylin and eosin. 
xX 150 
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Figure 3.— Parental mouse lung 6 weeks after being subcutaneously grafted in rat- 
mouse chimera. Mice were given grafts 33 days after establishment of the chimeric 
state. Graft is replaced by connective tissue and subacute inflammation. In 
center right, lumen of residual bronchial structure remains. Hematoxylin and eosin. 
150 


Figure 4.—Parental rat lung 6 weeks after being subcutaneously grafted in same 
rat-mouse chimera as in figure 3. Mice were given grafts 33 days after establish- 
ment of the chimeric state. Nofe alveolar structures on right and at bottom left, 
and epithelial proliferation in center and upper left of the section. Hematoxylin 
and eosin. > 150 
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Figure 5.—Parental mouse lung 6 weeks after being subcutaneously grafted in rat- 
mouse chimera. Mice were given grafts 154 days after beginning of chimeric state. 
Note evidence of epithelial proliferation in wpper left and partially collapsed alveolar 
structures in lower left and upper right. There is a considerable number of lympho- 
cytes in the section, particularly in relation to bronchial structures. In extreme 
upper left, nodular foci of lymphocytes may be seen. Hematoxylin and eosin. 
x 150 


Figure 6.—Parental rat lung 6 weeks after being subcutaneously grafted in same 
rat-mouse chimera as in figure 5. Mice were given grafts 154 days after beginning 
of chimeric state. Note area forming a cystlike structure in center of epithelial pro- 
liferation and areas at upper left that are like emphysematous lung parenchyma. 
A few large hemosiderin-laden macrophages may also be seen in same area. Hema- 
toxylin and eosin. 150 
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PLATE 129 
Figure 7.—Spleen from rat-mouse chimera moribund and killed 40 days post irradia- 
tion. Note absence of lymph follicles and relative acellularity. Hematoxylin and 


eosin. 200 


Figure 8.—Spleen from rat-mouse chimera killed 75 days post irradiation. Same 


animal as in figure 3. In contrast to figure 7, there is increased cellularity with 
scattered areas of lymphoid tissue but no normal-appearing lymphoid follicles. A 
few large, multinucleated cells can also be seen. Hematoxylin and eosin. X 200 
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Figure 9.—Spleen from rat-mouse chimera killed 196 days after irradiation. Same 


animal as in figure 5. Note appearance of large lymphoid follicles and nearly normal 
cellularity. Hematoxylin and eosin. >< 200 
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Tumor Promotion by Citrus Oils: Tumors of 
the Skin and Urethral Orifice in Mice ':? 


FRANCIS J. C. ROE and WINIFRED E. H. PEIRCE,’ 
Cancer Research Department, London Hospital Medical 
College, London, England 


SUMMARY 


Oils derived from the peel of four 
citrus fruits, sweet orange, lemon, 
grapefruit, and lime, were found to 
cause epidermal hyperplasia in mice 
of the inbred strain 101. 
were tested for tumor-promoting activ- 
ity by weekly application to the mouse 
skin after a single application of 
300 yg. of 9,10-dimethyl-1,2-benzan- 
thracene (DMBA): all gave rise to 
skin papillomas after 5 to 12 weeks. 
Several malignant skin tumors have 
also arisen, and more are expected as 
observation continues. Dilution of 
orange oil with acetone reduced the 
tumor-promoting effect. Undiluted 
orange oil promoted tumors in mice 
previously treated topically or paren- 
terally with urethan. Orange oil, un- 
diluted or diluted with acetone, was 
not carcinogenic for mouse skin. Nor- 
mal mice and urethan-pretreated mice 
were given 7 intradermal injections of 


These oils 


undiluted orange oil; no tumors arose 
during a 30-week observation period. 
Preliminary experiments indicate that 
the promoting activity of orange oil 
is probably due to its content of 
d-limonene, which constitutes more 
than 90 percent of the oil, and not to 
the terpene alcohols and other oxygen- 
ated compounds present. Papilloma- 
tous tumors of the urethral orifice were 
seen in 7 mice: 4 treated with DMBA 
and diluted orange oil, 2 with diluted 
orange oil only, and 1 with DMBA and 
the nonterpene fraction of orange oil. 
The diluent, acetone, probably facil- 
itated the absorption of the active com- 
ponent of orange oil since no urethral 
tumors arose in mice painted with the 
undiluted oil. The experimental pro- 
duction of these tumors has not, to 
our knowledge, been reported pre- 
viously.—J. Nat. Cancer Inst. 24: 1389= 
1403, 1960. 


A PRELIMINARY communication (1) reported that the oil obtained by 
expression from the peel of the sweet orange, Citrus sinensis, promoted 
skin-tumors in strain 101 mice previously treated with a single tumor- 


initiating dose of 300 ug. of 9,10-dimethyl-1,2-benzanthracene.‘ 


The 


1 Received for publication November 30, 1959; revised January 22, 1960. 

2 This investigation was alded by a block grant from the British Empire Cancer Campaign. 

3 The authors wish to express their gratitude to Dr. J. S, Fawcett, Department of Experimental Biochemistry, 
London Hospital, and to Mr. D. F. Salaman, for the purification of 2 fractions of orange oil; and to Dr. M. H. 
Salaman, for his advice and encouragement during the course of this work. They are also indebted to Mr. A. L. 
Stiff, Mrs. J. Cohen, Mrs. G. Moger, Mr. W. J. Milton, and Miss M. Orford for technical help. 
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result of that experiment has now been confirmed and the studies have 
been extended. 


MATERIALS AND METHODS 


Mice.—Mice of the inbred strain 101, bred and maintained in this 
laboratory, were used for all the experiments. They were housed in metal 
cages (zinc or galvanized iron), 10 mice per cage. At 6 to 8 weeks of age 
they were vaccinated on the tail with sheep lymph, as a precaution against 
ectromelia. They were fed cubes of the Rowett Institute formula and 
water ad libitum. Mice were 8 to 9 weeks old at the beginning of the 
experiments. 

Technique of application to the skin.—Dorsal hair was removed from all 
mice, both test and control groups, by electric clippers before the beginning 
of the experiments and thereafter at 2- to 3-week intervals. The area 
from the neck to the root of the tail was clipped. 

Test substances were delivered from calibrated pipettes, care being 
taken to ensure even spread over the whole of the clipped area. 

Recording of tumors.—-The mice were examined, at fortnightly intervals, 
for tumors of the skin and other tissues. Sick mice were killed and, 
together with mice found dead, examined post mortem for tumors of 
internal organs and for other lesions. Otherwise mice were kept under 
observation during their natural lifespan. 


Histological examination.—Specimens of skin, skin tumors, regional 
lymph nodes, and other organs showing pathological changes were taken 
for histological examination. They were fixed in Zenker’s fluid, embedded 
in paraffin wax, and stained with hematoxylin and eosin. 


Chemicals 


Citrus oils.—The citrus oils, sweet orange, lemon, grapefruit, and lime, 
were supplied by a well-known British firm which specializes in the impor- 
tation, processing, and distribution of essential oils. The oils were ob- 
tained by simple expression from the peel of the fruit. Prior to use the 
oils were stored in well-stoppered amber-glass bottles at room temperature. 

These oils may have contained a variety of contaminants, such as pesti- 
cides, colorants, and atmospheric soot. No attempt was made at this 
stage to identify or remove them. Every effort was made to test the 
materials in the form and condition in which they are used as food addi- 
tives. 

The terpene and nonterpene fractions of orange oil.—Orange oil is com- 
mercially separated into 2 fractions by vacuum distillation: Fraction A, 
about 95 percent of the oil, consists mainly of terpenoid hydrocarbons of 
which d-limonene (I) is the major component. Fraction B, about 5 
percent of the oil, consists of terpenoid alcohols and esters, together with 
a substantial amount of terpenoid hydrocarbons. 
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Limonene 


Further purification of both commercial fractions was undertaken to 
obtain a terpene (hydrocarbon) fraction free of terpenoid alcohols and a 
nonterpene (hydrocarbon-free) fraction. Commercial fraction A was puri- 
fied chromatographically: 80 gm. in 150 ml. of petroleum ether (b.p. 
60-80° C.) was passed through an aluminium oxide column (300 gm.). 
The column was then washed with 500 ml. of petroleum ether and the 
solvent from the combined eluates was removed by distillation, yielding 
75 gm. of terpene fraction. Fraction B was purified in a similar way: 
40 gm. in 100 ml. of petroleum ether was passed through an aluminium 
oxide column (300 gm.). The column was washed with about 500 ml. of 
petroleum ether until the washings were hydrocarbon-free. The required 
nonterpene fraction was then eluted from the column with 400 ml. of a 
mixture of equal parts of ethanol and diethyl ether. After evaporation 
of the solvent, a yield of 8.5 gm. of nonterpene material was obtained. 
Other chemicals.—Urethan and acetone, Analar grade, were obtained 
from British Drug Houses, Poole, Dorset, England, and 9,10-dimethyl- 
1,2-benzanthracene from L. Light and Company, Colnebrook, Bucks, 
England. 


EXPERIMENTAL 


Experiment I: Tests for Tumor Promotion in Mouse Skin by Certain 
Citrus Oils 


Four citrus oils, namely, sweet orange, lemon, grapefruit, and lime, as 
received from the supplier, were tested at different times for tumor-pro- 
moting action. Preliminary tests showed that all of them gave rise to 
considerable epithelial hyperplasia when applied to the skin of strain 101 
mice. The results with orange oil have already been reported (1) but are 
given again here for comparison. 

For each test 10 male and 10 female mice were used. All received a 
single application of DMBA—300 ug. in 0.2 ml. of acetone for the first 
4 groups, and 225 ug. in 0.15 ml. of acetone for Group 5. Group 1 was a 
control group and received no further treatment except for periodic hair 
clipping; it was contemporaneous with Groups 3 and 4. Weekly applica- 
tions, 0.25 ml. each, of the test substances were begun 3 weeks after the 
application of DMBA in Groups 2 to 5. 
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Results 
Benign Tumors of the Skin 


Papillomas began to arise during the 5th week of secondary treatment 
in Group 3 (lemon oil), Group 4 (grapefruit oil), and Group 5 (lime oil), 
and during the 12th week in Group 2 (orange oil). Table 1 shows the 
incidence of papillomas in survivors after 33 weeks of treatment with the 
test substance (only 12 weeks with lime oil). The incidence was similar 
in the 4 test groups and obviously differed significantly from that in the 
control Group 1 treated with DMBA only, in which only 1 papilloma 
arose, not on the treated skin but in the submandibular region. 

In addition to the papillomas shown in table 1, a female mouse in Group 
3 developed 1 sebaceous-gland tumor of the nipple. Tumors of the nipples 
have not to our knowledge been recorded before in this kind of experiment, 
although mammary carcinomas have resulted from the application of 
DMBA to the skin of female rats [(2), see also results of expt. IT, p. 1395). 


Malignant Tumors of the Skin 


In Group 2 treatment was stopped after 42 weeks, at which time there 
were 9 survivors. No malignant tumors have arisen in this group: 2 mice 
are still under observation at the 65th week. Groups 3 and 4 stopped 
treatment after 40 weeks and Group 5 is at present in the 34th week of 
treatment. Two mice of Group 3 and 2 of Group 4 developed malignant 
tumors between the 36th and 55th weeks after the beginning of secondary 


treatment. Three of these tumors were examined microscopically and 
showed active infiltration of the dermal tissues down to the panniculus 
muscle: all were squamous-cell carcinomas. No malignant tumors have 
arisen in the control group treated with DMBA only, which is contem- 
poraneous with Groups 3 and 4. 

In Group 5, which is only in the 34th week of treatment, so far only 1 
malignant tumor has been seen. The mouse that bore this tumor was 
subsequently found dead and satisfactory histological examination of the 
tumor was not possible. It is expected that more malignant tumors will 
arise in this group in which 14 mice are still alive. 

It is unfortunate that survival of strain 101 mice beyond 11 to 12 
months is poor, since in this type of experiment malignant tumors of the 
skin only appear after a long latent interval, about 46 weeks (3). The 
main reason for the poor longevity of this strain is the very high incidence 
of the renal disease, papillonephritis (vide infra). Thus only 7 mice of 
Group 2, 8 of Group 3, and 7 of Group 4 were alive 46 weeks after the 
beginning of the experiment and it is not surprising that so few malignant 
tumors were seen. It is feared that survival will be no better in Group 5. 


Tumors of Other Sites 


One mouse of Group 2 developed a hemangioma of the subcutaneous 
tissues. This tumor, which first appeared after 7 weeks and grew to a 
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diameter of 10 mm. during the following 9 weeks, was removed by biopsy 
and has not recurred. It was regarded as probably malignant. A mouse 
of Group 4 developed a spindle-cell sarcoma of the subcutaneous tissues 
beneath the treated epidermis. This tumor grew rapidly and was invasive. 
No tumors of internal organs have so far been observed. 


Incidence of Papillonephritis 


A high incidence of this disease in untreated strain 101 mice has already 
been recorded, with references to the relevant literature (4). Because of 
the disease, it is unusual for more than 50 percent of mice, whether treated 
or not, tosurvive 12 months. The usefulness of the strain for experiments 
involving long-term treatment and observation is therefore limited. 
Unfortunately this disadvantage was not apparent until the experiments 
were far advanced. There was no evidence that treatment with DMBA 
and/or the citrus oils affected the incidence of the disease. 


Conclusion 


Despite poor survival of mice due to papillonephritis, the results 
clearly indicate that the 4 citrus oils tested possess pronounced tumor- 
promoting activity for mouse skin. 


Experiment II: Effect of Dilution with Acetone on Tumor-Promoting 
Effect of Sweet Orange Oil 


The addition of acetone to orange oil enhanced its irritating effect on 
mouse skin. Biopsy specimens of skin taken 3 days after application of 
either 80 or 60 percent concentrations of orange oil in acetone showed 
epidermal necrosis, ulceration, crusting, and inflammatory infiltration of 
the dermal tissues. When the concentration was reduced to 40 percent in 
acetone, these more severe signs of irritation were far less marked but the 
degree of hyperplasia of the epidermis was greater. Thus the histological 
effect of 40 percent orange oil in acetone was similar to that of the undi- 
luted oil. After an application of 20 percent orange oil in acetone, 
epidermal hyperplasia was only moderate. 

During a course of repeated once weekly applications of 80 percent 
orange oil in acetone, mice became progressively less susceptible to the 
irritating effects of the treatment, necrosis and crusting became less severe, 
and the degree of hyperplasia of the epidermis increased. After 20 weekly 
applications, it was difficult to see any difference between mouse skin 
treated with 80 percent orange oil in acetone and that treated with a 40 
percent concentration. 

Thirty-five male and 35 female mice were divided into 3 groups; Group 6 
had 15 mice of each sex, and Groups 7 and 8, 10 of each. Mice of all 3 
groups received a single application of DMBA (300 ug./0.15 ml. acetone). 
After 3 weeks, Group 7 received the first application of 0.25 ml. of 40 
percent orange oil in acetone, and Group 8 a similar application but with 
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80 percent orange oil These applications were thereafter given weekly 
for 37 weeks. Group 6 received no further treatment. 


Results 


Papillomas began to arise on the treated skin of mice in Groups 7 and 
8 during the 12th week of secondary treatment; that is, at the same time 
as they first appeared on mice painted with undiluted orange oil after 
DMBA (expt. I, Group 2). 

Table 1 shows the incidence of papillomas on mice after 33 weeks of 
secondary treatment, and, for comparison, that in Group 2 of experiment I. 

It will be seen that there were 5 papillomas in 4 of 22 survivors of the 
control group which received DMBA only. All these tumors arose out- 
side the treated area of the skin, on the face and head. The first was 
seen 28 weeks after the application of DMBA, 1.e., equivalent to the 25th 
week of secondary treatment in Groups 7, 8, and 2. Of the 13 papillomas 
in Group 7 only 1 was outside the treated area; similarly only 1 of the 31 
papillomas in Group 8 was outside it. In both cases the ectopic tumors 
were on the head. All the 39 papillomas of Group 2 arose from treated 
skin. 

Sebaceous-cell tumors arose in the nipples of 4 mice: 1 mouse in Group 
7 (2 tumors), 1 in Group 8 (1 tumor), and 2 in Group 6 (2 and 3 tumors 
respectively). Since these tumors appeared in both test and control 
groups, there is no reason to think that orange oil played any specific 
role in their production. 

Two malignant tumors of the skin were seen. Both of them arose in 
a pre-existing papilloma, 1 on a female mouse of Group 7, during the 34th 
week of secondary treatment, and the other on a female of Group 8, 19 
weeks after the end of treatment. On histological examination both 
tumors were found to be squamous-cell carcinomas infiltrating the pan- 
niculus muscle. 

As in the previous experiment, papillonephritis has caused the death 


of many mice before malignant skin tumors are expected in this type of 
test. 


Tumors of the Urethral Orifice in Female Mice 


Tumors of the urethral orifice arose in 4 female mice of Group 7. A 
full description and discussion of these tumors is given later. They all 
arose between the 10th and 21st weeks of treatment. None were seen in 
Groups 2, 6, or 8. 


Conclusion 


Both 80 and 40 percent concentrations of orange oil in acetone were 
effective in promoting tumor development after a single application of 
DMBA. There was little difference between the effect of 80 percent 
orange oil in acetone and the undiluted oil, but 40 percent orange oil was 
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definitely, though proportionately, less effective than the higher con- 
centrations. 

In this experiment we had the first indication that the addition of 
acetone to orange oil led to the induction of urethral tumors in female 
mice (vide infra). 


Experiment III: Tests for the Carcinogenic Effect of Sweet Orange 
Oil on Mouse Skin 


Three groups, 9 to 11, of 20 mice, 10 of each sex, were used in this 
experiment. They were treated once weekly with orange oil, either 40 
percent in acetone (Group 9), 80 percent in acetone (Group 10), or undi- 
luted (Group 11). Each application consisted of 0.25 ml. Treatment 
was continued for 38 weeks in Groups 9 and 10, and for 46 weeks in 
Group 11. 

Skin Tumors 


One papilloma arose on the head of a mouse in Group 10 during the 
33d week of treatment. No other papillomas and no malignant skin 
tumors were seen in any of the mice. 


Tumors of the Urethral Orifice 
One female mouse of Group 9 and 1 of Group 10 developed tumors of 
the urethral orifice; the former after 40 weeks and the latter after 10 
weeks (vide infra). 
Tumors of Other Organs 
No tumors of other sites have so far been seen either in the mice which 
have died or in those still under observation. 


Conclusion 
The occurrence of 2 urethral tumors and 1 papilloma outside the 
treated area suggests that orange oil by itself may not be completely 
devoid of tumorigenic power. However the fact that none of these 
tumors arose on the treated area of skin indicates an indirect rather 
than a direct tumorigenic action (see p. 1399, “Tumors of Urethral 
Orifice in experiments I to VI’). 


Experiment IV: Test for Promotion of Epidermal Tumors by Orange 
Oil After Initiation by Urethan 


Forty female mice were divided into 2 equal groups. Group 12 was 
given 4 applications each of 60 mg. urethan in 0.3 ml. acetone, to the 
clipped dorsal skin, at 3-day intervals [total dose of urethan = 240 mg.]. 
Group 13 was given 4 intraperitoneal injections each of 16 mg. urethan 
in 0.1 ml. distilled water, also at 3-day intervals [total dose of urethan = 
64 mg.]. After 3 weeks, both groups began a course of once weekly 
applications of undiluted orange oil, 0.25 ml. per application, to the 
dorsal skin. 
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Results 


Papillomas appeared on 3 mice of Group 12, after 10, 12, and 14 weeks 
of treatment with orange oil respectively, and in 2 mice of Group 13, after 
10 and 12 weeks respectively. This is a much smaller yield than that in 
Group 2 in which DMBA was used as the initiator. Table 1 shows the 
incidence of tumors in Groups 12, 13, and 2, after 20 weeks of secondary 
treatment. Survival of mice was poor in the 2 urethan-treated groups: 
by the 30th week when treatment was stopped there were only 19 sur- 
vivors of the original 40 mice in the 2 groups. No more papillomas arose 
after the 20th week, and no urethral tumors were seen at any time. 

Pulmonary adenomas were present in most of the mice of Groups 12 
and 13 that died more than 18 weeks after the administration of urethan. 

Although there were no contemporary control groups treated with 
urethan only, previous experience with the strain 101 and many other 
strains leaves us with little doubt that the tumors seen in Groups 12 and 
13 would not have arisen if orange oil treatment had been withheld. 
The report by Lindsay (5) that skin tumors had appeared 10 to 18 months 
after treatment with urethan only has not, to our knowledge, been con- 
firmed; but in any case the 6 papillomas reported here arose after only 
2 to 3 months. 


Conclusion 


Orange oil has the power to promote tumors in mouse skin after initia- 
tion with urethan, but the combined effect of 240 mg. urethan on the skin, 
or 64 mg. urethan intraperitoneally, followed by weekly applications of 
orange oil, is very weak compared with the effect of 300 yg. DMBA on 
the skin followed by similar treatment with orange oil. 


Experiment V: Tests for the Carcinogenic and Tumor-Promoting 
Effects of Orange Oil on the Subcutaneous Tissues of the Mouse 


This experiment was designed (1) to see whether orange oil is carcino- 
genic for the dermal tissues, and (2) to see whether tumors could be 
promoted, either in the dermis or overlying skin, by injecting orange oil 
intradermally into urethan-initiated mice. A similar technique was 
used by Salaman and Glendenning (6) to demonstrate the tumor- 
promoting action of proflavine. 

Two groups of 20 female mice were used. The first, Group 14, was 
given intradermal injections at different sites on the back, each injection 
consisting of 0.1 ml. of undiluted orange oil. The first 4 injections were 
given at weekly intervals, and the subsequent 3 at 2- to 3-week intervals. 
Abscesses and ulcers developed at most of the injection sites within a 
few days. These lesions sometimes persisted for several weeks but 
eventually disappeared. Because of the severity of this inflammatory 
response, it was not possible to continue the course of injections as 
originally planned. 

As shown in table 1, survival has been poor: only 11 mice were alive 
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20 weeks after the beginning of treatment. The experiment is now in its 
30th week and there are 8 survivors. No tumors of the dermis or over- 
lying skin have so far been seen. 

The second, Group 15, was first given 4 intraperitoneal injections of 
urethan, 16 mg. in 0.1 ml. distilled water per injection, at 3-day intervals. 
After a further 2-week interval they were given a course of intradermal 
injections of undiluted orange oil in the same way as Group 14. 

The experiment is in its 30th week and there are 11 survivors. No 
tumors have arisen so far. 

As in Groups 12 and 13, pulmonary adenomas were present in mice of 
Group 15 that died more than 18 weeks after administration of urethan. 


Conclusion 


There is at present no evidence that orange oil is carcinogenic for the 
dermal tissues of the mouse nor that it will promote tumors in this site 
after urethan has been administered systemically. 


Experiment VI: Tests of a Terpene (Hydrocarbon) and a Nonterpene 
Fraction of Orange Oil for Tumor Promotion 


The terpene and nonterpene fractions of orange oil were prepared as 
outlined in ‘Materials and Methods.” Both the fractions were first 
tested for irritant action on mouse skin at approximately % and % 
their concentrations in orange oil. It was found that 80 and 40 percent 
concentrations of the terpene fraction in acetone produced a histological 
effect 3 days after application, similar to that produced by 80 and 40 
percent concentrations of orange oil itself. Mice treated with 4 and 
2 percent concentrations of the nonterpene fraction in acetone showed 
little or no hyperplasia and no other evidence of irritation of the skin. 

It was therefore decided to test the terpene fraction for tumor 
promotion at a concentration of 80 percent, but the nonterpene fraction 
at 4 times its concentration in the original oil, namely, 20 percent in 
acetone. 

For each test 10 mice of each sex were used. Both groups were first 
given a single application of 300 ug. DMBA. Then, after a 3-week 
interval, weekly applications of 0.25 ml. each of the fractions were begun. 


Tumors of the Skin 


Group 16 which received the terpene fraction began to develop 
papillomas after 11 weeks, and by the 33d week of secondary treatment 
there were 29 of these tumors on 8 of the 15 survivors. But in Group 17 
treated with the nonterpene fraction, 13 survived for 33 weeks, and only 
1 papilloma arose after 3 weeks. 

Table 1 shows the incidence of papillomas in the 2 groups and, for 
comparison, that in a control group treated with DMBA only (Group 1). 

A malignant tumor arose during the 36th week in a mouse of Group 
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16. On histological examination it was found to be a squamous-cell 
carcinoma penetrating the panniculus muscle. 


Tumors of the Urethral Orifice and Perineal Region 


One urethral tumor appeared in a female mouse of Group 17 during 
the 12th week of secondary treatment. It was removed 8 weeks later 
when it had reached a diameter of 1.0cm. In addition a rapidly growing 
tumor arose in the perineal region of a female mouse during the 32d week 
of secondary treatment. This mouse was killed 3 weeks later, and on 
microscopic examination the tumor was found to be a fibrosarcoma of 
high malignancy. 

Conclusion 


The results of this experiment indicate that the tumor-promoting 
properties of the terpene (hydrocarbon) fraction of orange oil are approxi- 
mately equal to that of orange oil itself (cf. 29 papillomas on 8 of 15 
survivors in Group 16, and 31 papillomas on 10 of 15 survivors in Group 
8 of expt. ID). 

With the nonterpene fraction the only papilloma seen was possibly due 
to treatment with DMBA only, since it arose so early in the experiment. 
However it did arise on the treated area of the back, whereas no tumors 
were seen on the backs of mice in either of the control groups (Groups 1 
and 6) that received DMBA only. 

The fact that a tumor of the urethral orifice and a sarcoma of the 
perineal region arose in mice of Group 17 suggests that the nonterpene 


fraction of orange oil may have some carcinogenic or cocarcinogenic 
activity. 


TUMORS OF THE URETHRAL ORIFICE IN EXPERIMENTS 
I TO VI 


Table 2 summarizes the results of the 6 experiments on the production 
of urethral tumors in female mice—7 of these tumors were seen. Although 
this incidence is not high, there are several interesting points to be made: 
(1) In addition to the mice of the present experiments, we have had con- 
siderable experience with strain 101 and also with mice of many other 
strains, but have never before seen tumors of this kind. (2) Table 2 
shows that 6 of 7 of these tumors arose in mice treated with orange oil 
diluted with acetone, whereas none arose in groups treated with the 
undiluted citrus oils. (3) Two of these tumors arose in mice that re- 
ceived no DMBA, and none were seen in the control groups that received 
DMBA only. (4) It is noteworthy that 1 of the tumors arose in a mouse 
treated with DMBA plus the nonterpene fraction of orange oil. 

Five of the 7 tumors arose between the 9th and 12th weeks of secondary 
treatment, 1 during the 22d week, and 1 during the 40th week, 3 weeks c 
after secondary treatment was stopped. _ 


VOL. 24, NO. 6, JUNE 1960 


be 4 
+ 
| 


[lO Jo %0zZ VAING LI 


[IO Jo ouodiay, %Og ‘37 00g 91 


‘Bur $9 

“Sul OFZ 


” 


” ” 


or ” 
auoN 


auoN VAN “3” 008 
[lo VAN ‘37 

” ” 

[fo peynyipuy 
auoN VaWa ‘37 


<a 
= 


OD HID OOD 
JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Arepuodes Teryjoin jo Jaquinn 
jo 

0} jo Joquinn 

ul 
-dv Jo 


1400 
| 
ese 
| 
| 
| 


TUMOR PROMOTION BY CITRUS OILS 1401 


Four of the 7 tumors have been examined histologically after removal 
by biopsy. All were heavily infected, papillomatous tumors and all 
were actively growing and showed many mitotic figures (figs. 1, 2, and 3). 
Three of them recurred after removal. Unfortunately none of the mice 
which bore these urethral tumors could be examined satisfactorily post 
mortem: in all mice decay was too far advanced when death was dis- 
covered. Thus it is not known whether any of the tumors had metasta- 
sized, or whether there were primary tumors elsewhere in the urinary 
tract, or in other sites. In one mouse a large swelling, 20 X10 X10 mm., 
was observed in the left uterine horn, but advanced decay precluded 
histological examination. No metastases have been observed in living 
mice. 

The apparent enhancing effect of acetone on tumor production at the 
urethral orifice may be due to facilitation either of surface contamination 
or of absorption through the skin. In the latter case, which seems more 
probable, it may be that an active constituent or metabolite of the oil is 
excreted in the urine. 


DISCUSSION 


The results of the experiments reported here indicate that there is 
a component in each of 4 citrus oils, which is capable of promoting skin 
tumor development in previously initiated strain 101 mice. Furthermore 
it is probable that the active component is a hydrocarbon, and possible 
that it is the terpene, d-limonene, which is a major constituent of all 4 
oils. For reasons given, it is important that the nonterpene fractions of 
these oils be examined further. 

Clearly, additional work is required to identify the active component 
or components. The possibility that it or they are contaminants and 
not a part of the natural fruit has been considered. It would be difficult 
to obtain a natural product of this kind which had not been exposed to 
pesticide sprays or atmospheric dust. However, we may claim that the 
material applied to the mice in these experiments was of the same degree 
of purity as that ingested daily by man. Moreover it is most unlikely 
that the tumor-promoting activity observed is due to a contaminating 
carcinogenic hydrocarbon such as benzofajpyrene. For it is well es- 
tablished that such substances in doses too small to produce tumors by 
themselves may act as tumor initiators, but not as promoters, in mouse- 
skin experiments. For this reason too, and because controls in these and 
other similar experiments were negative, it is very unlikely that the 
tumor-promoting action observed was due to accidental contamination 
in the laboratory. 

The results are of possible interest in three ways: 

(1) They suggest that a new class of tumor-promoting substance has 
come to light, and this may be of importance in basic research on the 2- 
stage mechanism of carcinogenesis. 
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(2) They raise the question whether these oils, to which man is fre- 
quently exposed, constitute carcinogenic hazards. 

(3) It appears that orange oil contains a substance that can give rise to 
tumors of the urethral orifice which have not previously been induced 
experimentally. It is not at present clear whether these tumors were 
due to surface contamination or excretion in the urine of a component or 
metabolite. 

Work now in progress may help to solve some of the new problems 
arising out of these findings. 


REFERENCES 


(1) Ros, F. J. C.: Oil of sweet orange: a possible role in carcinogenesis. Brit. J. 
Cancer 13: 92, 1959. 

(2) Marcuant, J.: Chemical induction of breast tumours in mice and rats. Rep. 
Brit. Emp. Cancer Campaign 35: 351, 1957. 

(3) Roz, F. J. C.: The development of malignant tumours of mouse skin after 
‘initiating’ and “promoting” stimuli. I. The effect of a single application 
of 9,10-dimethyl-1,2-benzanthracene (DMBA) with and without subsequent 
treatment with croton oil. Brit. J. Cancer 10: 61-69, 1956. 

(4) Ros, F. J. C., Saraman, M. H., and Couen, J.: Incomplete carcinogens in 
cigarette smoke condensate: Tumour-promotion by a phenolic fraction. 
Brit. J. Cancer 13: 623, 1959. 

(5) Linpsay, D.: The action of urethane and of Tween 60 on the skin of mice. 
Rep. Brit. Emp. Cancer Campaign 34: 372, 1956. 

(6) Sataman, M. H., and GLENDENNING, O. M.: Tumour promotion in mouse skin 
by sclerosing agents. Brit. J. Cancer 11: 434, 1957. 


= 


n 


Aud 
\ 
be 
4 


Puate 131 


Figure 1.—Papillomatous tumor of urethral orifice in a female mouse of strain 101 
treated with a single application of 300 wg. DMBA followed by 15 once weekly 
applications of 40 percent orange oil in acetone. 


Figure 2.—Section of tumor shown in figure 1. X 56 


Figure 3.—High-power view of same section. Note inflammatory infiltration by 
polymorphonuclear cells. X 250 
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Raising Japanese Quail Under Germfree and 
Conventional Conditions and Their Use in 
Cancer Research ':? 


JAMES A. REYNIERS and MIRIAM R. SACKSTEDER,' 
Germfree Life Research Center, Tampa, Florida 


SUMMARY 


Japanese quail (Coturnix coturnix 
japonica Temminck and Schlegel) have 
been raised as both conventional and 
germfree animals. The small size of 
this fowl and the ease with which it can 
be raised on practical diets demon- 
strate its usefulness as a laboratory 
animal, particularly in germfree ex- 
periments. Approximately 40 to 50 
adult Coturnix can be maintained in 
one germfree isolator (RSU-500). Be- 
cause of their relatively short genera- 
tion time (about 80 to 90 days from egg 
to egg), it is possible to raise a colony 
of germfree birds. A special semisolid 
diet made up with 60 percent water is 
satisfactory for raising Coturnix. Such 
a diet is particularly useful in germfree 
isolators because there is less waste and 
dust and no need to supply water sepa- 
rately. Conventional Coturnix—birds 
hatched in a standard incubator and 
raised in the laboratory—will produce 
fertile eggs as early as 40 days of age. 
The hens continue to produce ca. 1 egg 
a day during the laying period, which 
may continue for 75 days—the period 
of observation—if the animals are raised 
in the laboratory. On the diets de- 


scribed the birds show good gains in 
body weight and good egg production. 
At 60 days of age the average weight of 
the adult female was 120 gm. and of the 
adult male 100 gm. The average 
weight at hachting was 5.6 gm. for both 
sexes. Similar studies are under way 
with germfree birds but sufficient data 
are not yet available for presentation. 
Conventional Coturnix are responsive 
to injection of methylcholanthrene in 
benzene and develop fibrosarcomas as 
early as 17 days after injection. In 
comparison, chickens require about 75 
days to develop tumors under similar 
conditions. Quail tumors are trans- 
missible to other quail by means of 
tumor-tissue homogenates. With 
successive passages there is a decrease in 
time to appearance of tumor. All of 
24 conventional Coturnix tested, when 
injected in the breast muscle with 0.01 
to 0.2 ml. of the 10- dilution of Rous 
sarcoma virus, developed tumors by the 
8th day post inoculation. Filtrates of 
quail tumors have been transmitted to 
other quail and from quail to chick- 
ens.—J. Nat. Cancer Inst. 24: 1405- 
1421, 1960. 


THE USE of Japanese quail (Coturnix coturniz japonica Temminck and 
Schlegel) as a laboratory animal has been suggested by Padgett and Ivey 


' Received for publication December 11, 1959. 


2 This investigation was supported by grants from the Damon Runyon Memorial Fund for Cancer Research. 
3 We wish to thank A. N. Lorenc for raising the conventional Coturniz; J. P. Sieczko, of the Germfree Life 
Research Center, for germfree apparatus operations; and Theresa M. Moskwinski for care of germfree animals. 
We also wish to thank Dr. Warren Reynolds, Chas. Pfizer & Co., Inc., Terre Haute, Ind., for diets used in this 
study and Dr. W. Ray Bryan, National Cancer Institute, Bethesda, Md., for the Rous sarcoma virus and for his 


friendly assistance. 
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(1) because of “‘its hardiness, ease of handling, precociousness and great 
egg laying ability.”” Their paper describes the general techniques neces- 
sary for incubating, hatching, and raising these birds under laboratory 
conditions, especially for embryological and physiological studies. They 
stress that while many phases of the biology of Coturniz have not been 
investigated, it is an ideal laboratory animal and that the conditions 
responsible for the extremely rapid breeding cycle and the high rate of 
metabolism of these birds warrant further study. 

Studies of tumorigenesis by means of carcinogens (2) in germfree 
bantam chickens (3) have been hampered somewhat by the limitation in 
the number of birds which can be maintained in germfree isolators (4). 
In the standard type of germfree isolator (5) it is possible to house and care 
for 4 to 6 adult standard-breed chickens, for example, leghorns. The 
relatively long generation time (ca. 270 days) and the limited number of 
standard-breed chickens accommodated in the space available led to the 
use of bantam breeds of chickens, which permitted maintenance of 8 to 12 
birds per isolator. The incubation time and maturity cycle with bantam 
breeds was little, if any, better. 

Since a small flying bird with a rapid breeding cycle, such as Coturniz, 
would offer many advantages, especially in certain types of cancer research, 
a study was undertaken to determine the feasibility of (1) raising germfree 
Coturniz, (2) the susceptibility of Coturniz to known tumor viruses, and (3) 
the comparability of results with those from earlier work carried out in 
chickens. 

This report is concerned with preliminary studies in which it has been 
shown that Coturniz can be raised germfree (40 to 50 adult birds per 
isolator) and that it will react readily and uniformly to Rous sarcoma 
virus and to chemical carcinogenens (methylcholanthrene) by the 
production of transmissible tumors. 


RAISING GERMFREE AND CONVENTIONAL QUAIL 
Materials and Methods 


Coturnix Eggs 


The original eggs were obtained from a local source (Jack Lucas, Tampa, 
Fla.) from a flock which was pen-raised in the open and fed Ralston- 
Purina—a standard commercial Game Bird Ration. Eggs obtained from 
this flock were the source of our own flock, which was raised both in the 
laboratory and in open pens. They received the same Game Bird Ration. 

Since the females are prolific layers, there has been no difficulty in 
obtaining an ample and dependable supply of eggs. So far, the laying 
period of birds raised in the laboratory does not appear to be seasonal. 

Because of the limited size of our present flock and the need for main- 
taining fixed laboratory schedules in germfree experiments, eggs used for 
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this purpose were collected 3 or 4 days before incubation and stored at 
23° C. 

The eggs average 8.5 gm. in weight; the major and minor axes average 
3 and 2 cm., respectively (fig. 1). They are speckled in shades of brown 
or blue, due to a thin membrane that is deposited on them as they are 
layed. For some purposes it may be desirable to remove the colored 
membrane to facilitate candling. This may be done shortly after the eggs 
are layed by scrubbing in water at 28° C. with a soft toothbrush. When 
the eggs are older, more vigorous scrubbing is required, or fine steel wool 
may be used instead of a toothbrush. The membranes of 7- to 9-day 
embryonated eggs can easily be dropped in the same way as chicken-egg 
membranes for chorio-allantoic inoculation of viruses. 

Surface sterilization of eggs—When received in the laboratory, all eggs 
were treated the same way before incubation, except in those instances 
when untreated eggs were used for controls. Each egg was gently 
scrubbed with a soft toothbrush that had been dipped in a detergent- 
germicide solution (Turbo-Jet, Yager Poultry Supply Co., Warsaw, Ind.) 
of 0.5 ounce to 1 gallon distilled water at 37° C. This treatment does 
not remove the coloring. The eggs were then placed in a single layer in a 
stainless-steel basket and dipped 2 inches below the surface of the deter- 
gent for 5 minutes, after which they were removed and the detergent was 
allowed to dry on the shell. The eggs were then incubated. 


Incubating and Hatching 


Conventional * Coturnix.—The eggs were placed in wire trays in a 
standard egg incubator and kept at 37° C., relative humidity (RH) 65 
percent, until hatched. They were turned twice daily, by hand, until 
the 15th day of incubation. As the chicks pipped, the surface of the eggs 
was sprayed with distilled water from an atomizer; the humidity of the 
incubator was raised to 95 percent, and the temperature to 37.8° C. until 
the chicks were hatched. In a series of 20 clutches, the minimum hatch 
time was 16 days, the maximum was 21 days, the average being 17.1 days 
after the start of incubation. After hatching the chicks were placed, 20 
per box, in standard fiberglass rat and mouse boxes, 19 X 10% X 6% 
inches. The bottom of the box was covered with a layer of ground 
corncobs over which was placed a \-inch wire-mesh screen, raised 1 inch 
from the bottom. Five adult birds may be kept in 1 box. As the 
Coturniz reach maturity, a pen 8 inches deep is more satisfactory. This 
type of pen is standard in our germfree experiments. 

The chicks were brooded under a 6-inch diameter metal lamp shade 
with a 25-watt bulb. The shade was placed directly on top of the wire 
screen covering the box. The brooding temperature was 36° C. immedi- 
ately under the light and was maintained for 14 days, after which the 
birds were kept at 23.8 to 26.5° C. for the remainder of their laboratory life. 


4 The term “conventional” is used to indicate birds hatched in a standard egg incubator and raised in the 
laboratory. 
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Food and water were always available from the time of hatching. As 
the animals reached maturity, a 4-inch wire-mesh screen was substituted 
for the %4-inch mesh screen that formed the floor. 

Germfree Coturnix.—Those eggs that were passed into germfree iso- 
lators ° for hatching were candled at 15 days after the start of incubation, 
and a clutch of 24 fertile eggs was selected. It was difficult to candle the 
spotted eggs, but if the colored membrane was removed before incuba- 
tion, as described, light transmission was much improved. Removal of 
the pigmented layer did not lower the percentage of hatch appreciably. 

The procedure for passing eggs through a germicidal trap attached to a 
germfree isolator was essentially the same as that previously described 
for chicken eggs (6). The fertile eggs were placed loosely in line in a 
nylon-mesh tube 24 inches long and 2 inches wide, which was immersed 
in 2 percent HgCl, at 37° C. for 5 minutes and then pulled into the isolator 
through the germicidal trap so constructed that it dips below the surface 
of the germicide (text-fig. 1). The eggs were then removed from the 
mesh tube to a raised platform of %-inch wire-mesh screening that had 
ridges to prevent the eggs from rolling and were placed in a fiberglass box 
6% X 10 X 5% inches. The germicide was allowed to dry on the surface 
of the eggs. 

The eggs were incubated in the sterile lock attached to the germfree 
isolator at 37.8° C., 95 percent RH. The temperature and humidity 
were maintained by circulating water in the outer jacket of the lock. 


- 


GERMFREE EGG TRAP 


Text-ricure 1.—Germfree egg trap and hatching basket: (1) isolator, (2) inner 
door to sterile lock, (3) floor of isolator, (4) plastic cord for pulling eggs into isolator, 
(5) temperature-controlled liquid bath with pump for forcing liquid in outer jacket 
of the sterile lock, (6) pump, (7) container for germicide, 2 percent HgCl,, (8) 
thermocouple and control, (9) passage tube, (10) rubber glove, (11) level of germi- 
cides, (12) nylon-mesh tube containing eggs. 


§ The RSU-500 isolator is 34 X 72 inches and has a floor area of 1,872 square inches. 
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As the chicks started to pip, the surface of the eggs was lightly sprayed 
with distilled water, as described for conventional hatching. Eggs 
were ventilated with air maintained at 0.2 cfm, 37.8° C., and 95 percent 
RH at all times. As the chicks hatched, they fell to the bottom of the 
pan, the fragments of shell falling through the wire mesh of the platform 
so that the chicks were separated from the debris. After hatching the 
chicks were brooded like the conventional Coturniz. 


Diets and Maintenance 


Except for the brief report of Padgett and Ivey (1), in which Ralston- 
Purina commercial Game Bird Ration (see table 1) was used, there is 
little exact information on the nutritional requirements of Coturniz. 
For this reason and because of our particular requirements, preliminary 
experiments were carried out with two basic diets and modifications 
thereof*: T-104, a commercial Game Bird Ration, and T-105, a basal 
ration especially designed for germfree use. Both diets were fortified 
(-F) and made semisolid (-SS), as described in table 1, for feeding germfree 
birds. The addition of agar and water for producing the semisolid state 
of the diet results in the elimination of waste and dust. The latter is an 
important consideration in germfree isolators since fine dust may clog 
the exhaust air filters and necessitate their frequent change. The water 
in the semisolid diet makes it unnecessary to provide additional water in 
troughs. This also is of technical advantage for work within germfree 
isolators. 

Whether given separately or in the semisolid, combined form, both 
food and water were available to all birds at all times. All food was sup- 
plied from small containers fitted with a 4-inch screen to prevent scattering 
and waste. Water, when given separately, was supplied from drinking 
fonts. 


TABLE 1a.—Diets fed conventional and germfree Coturnizx 


Basic diet No. Description 
T-104 Game Bird Ration* 
T-104 A, B, C Startena, Growena, Layena* 
T-104-F Fortified for sterilizationt 
-SS Made semisolid with 0.5% agar and 60% water 
-F-SS Both fortified and semisolid 
-105 Pfizer basal ration IIIB{ 
-F, -SS, -F-SS Same as for T-104 
-Ab With 50 mg. of antibiotic per kg. of diet 


*Ralston-Purina Co., Saint Louis, Mo.; commercially available. 
tFortified for sterilization, per kg. of diet, with: casein, 85 gm.; whole liver powder (Shiff-Bio-Foods, Hacken- 


sack, N.J.), 30 gm.; thiamine chloride, 60 mg.; whole Brewer’s yeast powder (E. R. Squibb & Sons, New York, 
N.Y.) 20 gm. 


tChas. Pfizer Co., Inc., New York, N.Y.; basal ration IIIB was developed especially for use in germfree research 
through the courtesy of Dr. Warren Reynolds. 


6 The purpose of the preliminary studies was to find one or more diets that might be suitable for raising Coturniz, 
and not, at this time, to determine their relative efficacies. 
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TasLe 1s.—Composition of Pfizer basal ration IIIB 


Ingredients Percent 


Both conventional and germfree birds were reared entirely under arti- 
ficial light at 23 to 24° C. and at 50 to 60 percent RH. The chicks, from 
hatch to 2 weeks, were raised under brooding lights, which were kept on 
24 hoursaday. After this, full laboratory lights were used from 12 to 15 
hours per day. 


Control of Contamination 


The general routines used for bacteriological examination of germfree 
animals have been described (7) and were followed, with some modifica- 
tions, in these experiments. Samples of fresh feces, food, water, and 
cage droppings were collected on cotton swabs and placed in Thiogly- 
collate Broth (Difco Laboratories, Detroit, Mich.), Sabouraud Media 
(Difco), and Nutrient Broth (Difco). Cultures were incubated both 
aerobically and anaerobically at 25 and 37.5° C. for 2 weeks. The fresh 
samples were examined microscopically at the time of collection. In 
addition to these procedures, test animals were killed inside the isolators, 
and for each series of animals the intestinal contents, blood, and tissues 
were examined, both microscopically and by inoculation in culture media. 
No attempt was made in the work reported herein to examine the animals 
for viruses, but this is now being done. 


Results 


Growth of Coturnix 


Conventional birds.—In the preliminary experiments, no attempt was 
made to increase the percentage of hatch. Enough eggs were available, 
however, to provide animals for both conventional controls and germfree 
broods. From 10 clutches (1,038) of eggs set during June to October, 
1959, 78 percent were fertile and 43.1 percent hatched. 

The effect of dipping and cleaning eggs in detergent is shown in table 2. 
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Both detergent-treated and untreated control eggs were from the same 
clutches. No attempt was made to quantitate this data statistically, 
since our purpose was merely to assure that such treatment would yield 
viable embryos. 


TasLe 2.—Effect of detergent treatment of eggs on percentage 
of hatch* 


Number of __‘ Fertile e Eggs hatched 
Group eggs (percent ercent) 
Treatedt 95 63. 1 70.0 
Untreatedt 30 53. 3 56. 6 


*Detergent-germicide: Turbo-jet, Yager Poultry Supply Co., Warsaw, Ind. 

tTreated: shell scrubbed in detergent, egg dipped for 5 minutes in detergent, which 
was allowed to dry on shell. 

yUntreated: eggs as received from laying pens. 


The rate of growth of conventionally raised Coturniz is shown in text- 
figure 2. At hatch, the average weight is 5.6 gm.; at 120 days, adult 
males weigh about 90 to 100 gm. and females weigh about 120 to 130 gm. 
Figure 2 shows an adult bird of each sex. During the period June to 
October, 1959, conventional birds on standard diet T-104, produced 
their first fertile eggs as early as 45 days and as late as 70 days after 
hatching; the average was 57.4 days. During the active laying period 
a bird may produce an egg a day. One group of 5 females, each caged 
individually with a mate, produced an average of 47 eggs per female 
within a 50-day observation period. Mating occurred regularly, even 
within the confines of the pens. The feathering pattern was that de- 
scribed by Padgett and Ivey (1). 

Birds confined to a cage with a low ceiling never learn to fly. Adults, 
when released from the hand, flutter to the floor like fledglings. Birds 
of different ages raised in low pens in an air-conditioned laboratory 


GMS. GMS. 


Growth Conventional Coturnix Growth Conventional Coturnix 


40- 10 Birds, 50° Males and Females Diet T-104 
Diet Tee 33 Males 
Diet T-104 SS ---- 43 Females ----- 
40 80 120 40 80 120 


DAYS 
TEXT-FIGURE 2.—Rate of growth of conventional Coturnix on diets T-104 and 
T-104-SS. 
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(23 to 25° C., RH 50 to 60%), entirely under artificial lights for 12 to 
15 hours a day, were very restless during the months of September and 
October, which corresponds to their regular migration period in the wild 
state. They searched for openings in the lids of the pens, pecked each 
other severely, and were generally irritable. Attempts to control such 
restlessness by covering the lids with loosely woven cloth, by changing 
the light period, by debeaking, or by giving drugs were unsuccessful. 
The restlessness did not interfere appreciably with egg production. 

Coturniz are relatively nervous birds. In the laboratory unusual 
noises or the appearance of an attendant causes them to panic. Conse- 
quently, there is much pecking, often with considerable damage. The 
birds scalp themselves against the cage cover and are constantly searching, 
mating, and fighting. This is not entirely a matter of crowding—such 
behavior may be noted even when birds are housed in pairs with ample 
space. Such behavior is not seen in birds reared in a germfree isolator, 
which is quiet and seldom disturbed by attendants. Birds maintained 
in an isolator are very calm and easy to handle, even when they are first 
removed from the isolator, but soon after transfer to the laboratory, they 
exhibit the same nervous symptoms as conventional quail. Contrariwise, 
conventional birds isolated from noises and disturbances behave in much 
the same manner as birds raised in an isolator. This behavioral pattern 
must be considered when Coturniz are used as laboratory animals. 

The average amount of food consumed per day by growing birds 20 to 
35 days old is 11 gm. and of water, about 14 ml. On the semisolid diet, 
where no additional water is given, the average amount consumed is 
35 gm. per day for birds of the same age. 

Germfree birds—Because of the limited number of isolators available 
for this study, in the initial experiments, birds were kept in the isolators 
only until they could be checked for contamination. The objective was to 
turn over as many clutches as possible in order to determine the percentage 
of hatch. 

At the present time a colony of 10 germfree birds (2 males and 8 females, 
50 days post hatch) is being maintained.’ 

Table 3 presents results on the hatching of germfree Coturniz. Only 
fertile, 14- to 16-day-old previously incubated eggs were taken into the 
germfree isolators. Because of the difficulty of candling the spotted eggs 
and predicting the exact time of hatch, we have selected an arbitrary 
cutoff point of 2 days of incubation. It is quite possible that more birds 
would have hatched had the incubation time been extended, but the 
facilities available at the time did not permit extension of the observation 
period. 

It is apparent, within the limits of the tests, that Coturniz can be 


hatched free of contamination. The results compare favorably with those 
obtained in chickens (6). 


7 The first eggs from this group were laid at 52 days of age and production is continuing. These eggs have been 
hatched, and the adults have produced a second generation; the average weight of second generation birds was 
6.4 gm. at hatch and to date exhibit normal growth patterns. The third generation shows continued good growth. 
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Comparative growth rates of germfree and conventional Coturniz on 
diets T-104 and T-104-F are given in text-figure 3, which shows that 
germfree birds do as well as conventional animals. There are no notable 
differences in behavior pattern or in development. 


TaBLE 3.—Hatch of Coturniz in germfree isolators and percentage germfree 


Number Eggs Days of 
Experi- of eggs hatched germfree 
ment No. set (percent) Month life Remarks 
24 58. 3 uly 7 
24 58. 3 ugust 14 erminate 
3 24 56. 2 September 0 Contaminated 
+ 48 47. 8 October 36 Terminated 
5 24 50. 0 October _— Continuing 
GMS. 
ray EGG Laven $2 DAys 


FIRST ESC 43 DAYS 


Growth Germfree and Conventional 
Coturnix.on Diets T-104. and T-Il04F 
8 Birds Germfree ----- 

10 Birds Conventional. 


TEXtT-FIGURE 3.—Growth rates of germfree and conventional Coturniz on diets T-104 
and T-104-F. 


PRELIMINARY STUDIES ON THE USE OF COTURNIX IN 
CANCER RESEARCH 


Coturniz were introduced into this laboratory primarily to enable 
continuation of certain problems in cancer research that had previously 
been initiated in chickens (2). For this reason, preliminary studies were 
made on the response of quail to a carcinogen (methylcholanthrene) and 
to a tumor-inducing virus (Rous). 


Effect of Methylcholanthrene Injections 


As previously shown (2), a single injection of methylcholanthrene in 
benzene (MCA/Bz) into the breast muscle of chickens produces a fibro- 
sarcoma that can be transmitted by tumor-cell homogenates from one 
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germfree chicken to another and from germfree to conventional chickens. 
Similar tumors induced in conventional chickens cannot be transmitted 
to other conventional chickens unless the birds are fed, from the time of 
hatching, a diet to which 50 mg. of penicillin per kg. of diet or some 
other antibiotic has been added. Since the use of methylcholanthrene- 
induced tumors formed the basis for our studies on subcellular particulates, 
it was desired to determine the response of Coturniz to this carcinogen. 
Only conventional birds have been tested thus far. 

Of 15 conventional Coturniz that received injections of 0.1 ml. MCA/Bz 
in the right breast muscle, 55 percent of the survivors developed tumors. 
These tumors could be transmitted from one conventional animal to an- 
other by means of tumor-tissue homogenates. The T-104 diet was supple- 
mented with small amounts of antibiotic. A typical tumor is shown in 
figure 3. The results obtained with different doses of inoculum are 
summarized in table 4. 


TABLE 4.—Response of Coturniz to single injections of MCA/Bz in breast muscle 


Maxi- Appearance (days) post 


Amount Age at mum inoculation Percent 
ofinocu- injec- time ob- devel- 
lum Number surviving tion served* Maxi- Mini- oping 


(ml.) Number inoculated (days) (days) mum mum Average tumors 


0.1 9/15 13 100 90 36 49.8 55 
0. 05 10/16 7-15 75 53 17 40. 8 60 
0. 03 4/4 7-15 75 64 21 40. 5 75 


*From subsequent observations over longer periods the percentage developing tumors would be higher. 


The first tumors appeared as early as 17 days after injection of MCA/Bz 
compared to 75 days in the chicken (2). It is apparent, therefore, that 
Coturniz is a suitable experimental animal for the study of this carcino- 
genic hydrocarbon. 

Coturniz, like the bantam chicken, often show a toxic response to 
MCA/Bz injections, severe enough to kill 40 to 50 percent of the animals 
within 24 hours after injection. Such standard-breed chickens as the 
leghorn do not have such toxic reactions at equivalent doses. 


Effect of Rous Sarcoma Virus Injections 


When 24 conventional Coturniz, 24 hours old, were injected with 0.01 
to 0.2 ml. of a 1 X 10~ dilution of Rous virus (CT-842 Bryan), all 
developed tumors within 6 to 8 days after injection. Since the material 
for passage was derived from passage in chickens, there was a species 
difference between viral source and host. However, tumors initiated in 
quail with Rous virus can be transmitted to quail and chickens without 
difficulty. The results with 7-day-old Coturniz are shown in table 5. 
The usefulness of Coturniz for assay work with this virus has yet to be 
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determined, but the high incidence of tumors (100%) and the rapidity 
of their appearance (6 to 8 days) in this preliminary investigation suggest 
that this fowl may be a suitable host for bioassays. 


TABLE 5.—Response of Coturniz after injections of Rous sarcoma virus 


Average 

Appearance of tumors time to 

Amount (days) death 
of injec- Number develop- Age of Dilution post in- 
tion ing tumor birds of virus Maxi- Mini- oculation 


(ml.) Number inoculated (days) insaline mum mum Average (days) 


0. 1-0. 2 10/10 7 10° 8 6 7. 2 7.9 
0. 01 14/14 1 107? 8 4 6. 2 * 


*All birds of this series were killed and their tumors removed for assays of virus content. 


Spontaneous Tumors 


Nothing has been found in the literature with respect to spontaneous 
tumor formation in Coturniz, and it is yet too early to determine this 
within our own flocks. An examination of 24 birds, 12 to 14 months of 
age, selected at random from available flocks failed to reveal any tumors. 
Until more is known about Coturniz, it will be difficult to assess this 
problem. Whether they show a leukosis complex under natural condi- 
tions and whether it can be induced experimentally also remain to be 
determined. The small size of Coturniz makes practicable the use of 
large numbers of birds, and the relatively quick responses to both Rous 
virus and MCA/Bz clearly indicate that this fowl should be of consider- 
able potential value in experimental cancer research. 


CONCLUSIONS 


Because of the small size of the Japanese quail, its rapid growth on com- 
mercial diets, and its short generation time, this species makes feasible 
many studies not practical with other, commonly used, animals, partic- 
ularly with respect to animals raised in germfree isolators. Coturnizx 
are very responsive to the carcinogenic hydrocarbon methylcholanthrene 
and to the Rous sarcoma virus. It is concluded that Coturniz may well 
fill an important need in cancer research and in germfree investigations. 
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Figure 1.—Newly hatched Coturniz compared in size to an average chicken egg. 
One Coturniz egg is free of pigmented layer, the other is unwashed. 
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Figure 2.—Adult (100 days) brother and sister conventional Coturniz. Male, 90 gm.; 
female, 120 gm. 
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Figure 3.—Fibrosarcoma induced by single injection of 0.01 ml. of methylcholan- 
threne (1.9) in benzene into right breast muscle. 
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Pathogenicity of a Viral Strain (RPL12) Caus- 
ing Avian Visceral Lymphomatosis and Related 


lll. Influence of Host Age and 


Route of Inoculation 


B. R. BURMESTER, A. K. FONTES,? and W. G. 
WALTER, U.S. Department of Agriculture, Agricul- 
tural Research Service, Regional Poultry Research 
Laboratory, East Lansing, Michigan 


SUMMARY 


Seven experiments were conducted, 
with 6,200 White Leghorn chickens of 
inbred line 15I, on the disease response 
of chickens to strain RPL12 virus, to 
study the influence of age of the chicken 
at the time of inoculation, the route 
of inoculation, or other methods of 
exposure. Chickens inoculated at 1 day 
of age with moderately large doses of 
virus died primarily of erythroblastosis, 
and the sensitivity to this response de- 
creased with the various routes in the 
following order: intramedullary, intra- 
venous, intraperitoneal, intracerebral, 
intramuscular, and subcutaneous. The 
2 natural routes, oral and nasal, caused 
a much lower response than any of the 
parenteral routes, and most of the 
mortality was due to visceral lympho- 
matosis. Age of the chicken at the time 
of inoculation had a profound effect on 
the magnitude of the response obtained. 
Sensitivity of chickens to large doses, 
given intravenously and resulting pri- 
marily in erythroblastosis, increased 
slightly or not at all for the first 2 to 3 
weeks of life, then decreased at a uni- 


form rate until the chickens were at 
least 12 weeks of age. A more rapid 
decrease in sensitivity with no delay 
was obtained when large doses were 
inoculated intraperitoneally. Sensi- 
tivity of chickens to small doses, given 
intravenously and resulting primarily 
in visceral lymphomatosis, decreased 
uniformly from the Ist day and at a 
rate similar to that obtained with large 
doses given intravenously. Sensitivity 
of chickens given large doses by the oral 
and nasal routes, which resulted pri- 
marily in visceral lymphomatosis, de- 
creased rapidly during the first 2 to 3 
weeks of life, after which the decrease 
was much slower. Certain RPL12 virus 
preparations caused a high incidence 
of osteopetrosis when intravenous inoc- 
ulations were made at 1 day of age. 
This response decreased rapidly with 
an increase in age at inoculation, so 
that the percent of chickens with 
osteopetrosis, inoculated at 3 weeks of 
age, was only one tenth that of chickens 
inoculated at 1 day of age.—J. Nat. 
Cancer Inst. 24: 1423-1442, 1960. 


HOST RESPONSE to infection with viruses is influenced by many 
diverse factors in addition to susceptibility of the host and virulence of the 
virus. In quantitative studies involving such systems, it is important 
to recognize and measure the influence of these secondary factors. The 
age of the host at the time of exposure to the virus and the route and/or 


1 Received for publication December 14, 1959; revised January 8, 1960. 
2 Present address: Wyeth Laboratories, Inc., Marietta, Penna. 
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method of exposure have been found to influence the response of chickens 
to the leukoses viruses. 

Eckert et al. (1) reported a 23- to 67-fold decrease in the susceptibility 
of chickens to the myeloblastosis strain A virus as they aged from 3 days 
to 24 days after hatching. An opposite change in susceptibility was 
obtained when the same inbred line of chickens, 15, was exposed to the 
erythroblastosis strain R virus (2). These investigators reported that 
the relative effectiveness of the 2 viruses when injected by 1 of several 
different routes decreased in the following order: intravenous, intramedul- 
lary, intramuscular, intraperitoneal, and subcutaneous. 

Investigations with similar objectives have been conducted with the 
agent(s) of strain RPL12 that causes visceral lymphomatosis, erythro- 
blastosis, and osteopetrosis (8-6). Studies of various factors affecting 
the mortality distribution between erythroblastosis and visceral lympho- 
matosis have been given elsewhere (7). The quantitative aspects of 
influence of host age and the routes of inoculation with strain RPL12 
are reported herein. 


MATERIALS AND METHODS 


Four different virus preparations of strain RPL12 were used in the 7 
experiments with 6,200 chickens. All preparations were made from livers 
of chickens in the advanced stages of erythroblastosis resulting from 
inoculation with RPL12 virus. The procedure was similar to that 
described elsewhere (7). The final step was filtration through a Selas 
O2 porcelain candle. L13 was prepared on April 23, 1952, from tissues 
of chickens of the 14th passage; L29 on March 5, 1956, from tissues of 
the 17th passage; L30 on July 24, 1956, from tissues of the 15th passage; 
and L31 on March 1, 1957, from tissues of the 16th passage. 

Aside from slight variations in their ability to induce leukosis, these 
preparations differed markedly in their propensity to cause osteopetrosis. 
Comparative studies show that L29 was outstandingly strong in this 
characteristic, L13 intermediate, and L30 and L31 weak. 

The volume inoculated was 0.2 ml., except for 0.05 ml. injections into 
the medullary cavity of the tibia; the latter volume was also used for the 
comparative intravenous and intraperitoneal routes of inoculation in 
experiment 2. Inoculations were made with a % ml. tuberculin syringe 
when the dose was 0.05 ml. and with a 1 ml. tuberculin syringe when the 
volume was 0.2 ml. Appropriate dilutions of these stock virus prepara- 
tions were made with Simms’ solution (8) containing 1% percent crystalline 
bovine albumin. The dilutions were made just prior to inoculating the 
chickens. 

Routes of inoculation were: (1) intravenous, cubital vein; (2) intra- 
medullary, distal posterior aspect of tibia; (3) intraperitoneal, left posterior 
quadrant; (4) intracerebral; (5) intramuscular, pectoralis minor; (6) 
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subcutaneous, pectoral area; (7) nasal, placed on the external nares, 
drawn in on inspiration; (8) oral, under the tongue. 

All chickens were from the inbred White Leghorn line 15I (9) that has 
been maintained in isolation for over 17 years for the purpose of reducing 
the natural infection. In many experiments the breeding stock and others 
reared as controls have failed to develop erythroblastosis or osteopetrosis, 
and in various isolated groups the incidence of visceral lymphomatosis 
occurring during the Ist year of life is low varying between 0 and 5 percent. 
The chicks were selected at random from several breeding pens. Those 
for a single experiment were obtained from one hatch except when chicks 
of different ages were inoculated on the same day. The latter came from 
the same hatching unit of the laboratory and were hatched at weekly 
or biweekly intervals. 

Results were recorded on the basis of the gross pathologic alterations 
observed at necropsy. Conclusions with regard to such alterations were 
based on previous correlative studies of the microscopic alterations (6). 
Fifty chickens were placed in each lot at the beginning of all experiments. 
The number that died of unknown or secondary causes within 2 weeks 
after the beginning of each experiment are not included in the totals given 
in the tables. Further reduction in numbers used in computing the per- 
cent positive for each type of neoplasm was made as previously described 
(7). The percent of erythroblastosis is based on the total number inocu- 
lated less the number that died of other causes to 100 postinoculation 
days (PID), and the percent of visceral lymphomatosis is based on the 
total, less those that died of other causes including erythroblastosis to 
200 PID. The percent of osteopetrosis is based on the total number as 
given in the tables. 

The advantages and disadvantages of these corrections have already 
been discussed (7). With a high rate of concurrent and sequential mor- 
tality from several known and also unknown causes, it was concluded that 
the above corrections, though deficient and inaccurate in several respects, 
gave a much more accurate indication of the rate of mortality from the 
diseases under study than if no such correction had been made. Further 
discussion of bias and/or interference that could not be quantitatively 
estimated is given in a succeeding section. 

The responses were further summarized by obtaining an estimate of the 
dose in logarithms of virus required to cause 50 percent mortality from 
erythroblastosis (LD50E) and from visceral lymphomatosis (LD50VL). 
The regression lines were drawn from gross estimates of the dose-percent 
mortality data plotted on probit graph paper. It has been reported (10) 
that this method of bioassay was satisfactory for the erythroblastosis 
response if the experimental period was limited. In experiments 1 and 2 
the regression lines were based on responses to 84 PID, and in experiments 
3, 4, and 5 they were based on responses to 70 PID. This variation was 
the result of an attempt to use the optimum period within each experiment, 
which gave the most precise measure of response. Since different virus 
preparations were used, a variation in time to the maximum rate of re- 
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sponses was obtained. The LD50VL estimates were based on the visceral 
lymphomatosis mortality during the entire experimental period of 270 
days (expt. 7). This method for the quantitative assessment of the 
responses in terms of the visceral lymphomatosis has proved satisfactory 
only when the doses inoculated were sufficiently small so that the range 
in mortality from visceral lymphomatosis was below the maximum and 
mortality from erythroblastosis was negligible. 


RESULTS 


In the first experiment, 1-day-old chicks were inoculated with L13 by 
7 different routes. For each route there were 3 lots of 50 chicks that 
received doses of —2.6, —3.6, and —4.6 logs.? Mortality from erythro- 
blastosis to 84 and 214 PID and visceral lymphomatosis to 214 days, the 
occurrence of osteopetrosis, and the LD50E estimates are given in table 1. 

The variation in erythroblastosis mortality indicates a sequence in 
effectiveness of the routes tested. Differences between certain routes 
such as intramedullary and intravenous were quite small and significance 
is not implied. The lowest LD50E was obtained with the intramedullary 
route. The intravenous route was slightly less effective and the intra- 
peritoneal and intracerebral routes were somewhat less effective than the 
intravenous route. Next in decreasing order was the intramuscular 
route and the subcutaneous route. The nasal route was so much less 
effective than any of the parenteral routes that an LD50E could not be 
estimated. Only 3 of 142 birds exposed by the nasal route developed 
erythroblastosis in comparison with 25 of 136 that developed erythroblas- 
tosis after subcutaneous inoculation. 

Visceral lymphomatosis and osteopetrosis occurred in all lots inoculated 
by any parenteral route. The incidence of the former varied from 19 
to 65 percent and that of the latter from 6 to 27 percent. There was no 
consistent variation in the rate of occurrence of either neoplasm in rela- 
tion to the dose inoculated; thus no influence of route on the occurrence 
of these neoplasms was detected, except that the nasal route was much 
less efficient in causing visceral lymphomatosis and osteopetrosis than 
any parenteral route. 

In attempts to obtain a more critical comparison between the intra- 
venous, intramedullary, and intraperitoneal routes of inoculation, a 
second experiment was conducted with 1-day-old chicks and 0.05 ml. as 
the inoculation volume for all routes. Owing to an exhaustion of the L13 
preparation a new stock of virus, L29 of the 17th passage, was prepared 
and used in the second-route experiment. The results obtained (table 1) 
were disappointing because the erythroblastosis mortality was unusually 
low and showed little relationship to the dose inoculated. Moreover, 
chickens of all lots developed a high incidence of osteopetrosis. Although 


3 In terms of gm. of original tumor represented in the dilution and volume inoculated. 
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the results are not sufficiently consistent to provide an LD50E estimate, 
they confirm the results of the previous experiment in that the medullary 
route caused a higher over-all erythroblastosis mortality than either the 
intravenous or intraperitoneal routes. 

Experiment 3 was designed to measure the influence of the host age 
at the time of inoculation on the erythroblastosis mortality and incidence 
of osteopetrosis. Line 15I chickens at 1, 7, 21, 42, 84, and 168 days of 
age were inoculated intravenously with L29. Different lots of the first 
3 age groups received virus at a dosage of —2, —3, —4, and —5 logs 
and the last 3 age groups received —2, —3, and —4 logs of virus. The 
essential data of this experiment, obtained during a 215-day period, 
are given in table 2. Although the inoculating dose was on an individual 
and not on a weight basis, the average weight of chickens in each age 
group is also given. 

As in the previous experiment, chickens inoculated at 1 day of age with 
L29 developed a high incidence of osteopetrosis, and mortality from eryth- 
roblastosis in these lots was low. There was a reversal in the relative 
occurrence of these 2 neoplasms when chickens of the same source were 
inoculated at 7 days of age. Chickens inoculated at 21 days of age had a 
still lower incidence of osteopetrosis and none appeared in the chickens of 
the groups inoculated at 42, 84, and 168 days of age. 

The erythroblastosis mortality, moderately low in the chicks inoculated 
at 1 day of age, was much higher in the 7-day-old group and again 
slightly higher in the 21-day-old group. The incidence then decreased for 
each age group, with only 2 of the 150 chickens of the 168-day-old group 
developing erythroblastosis. 

The LD50E was not estimated for the 1-day and the 168-day age 
groups because of the low and inconsistent erythroblastosis mortality. 
The LD50E for other age groups indicates similar susceptibility for 
chickens inoculated at 7 and 21 days and a stepwise decrease in sus- 
ceptibility for the 42- and 84-day age groups equivalent to about 1 log 
dose of virus for each age group (text-fig. 1). The occurrence of visceral 
lymphomatosis was too low to be of any significance in any age group 
of experiment 3. 

A more comprehensive examination of the influence of host age at the 
time of inoculation was conducted in experiment 4. Two routes of 
inoculation, intravenous and intraperitoneal, were used on chickens of 5 
different age groups, and each group was inoculated with 3 tenfold dilu- 
tions of L30. The number of chickens in each lot and the essential results 
during an experimental period of 222 days are presented in table 3. 

The primary response obtained in this experiment was mortality from 
erythroblastosis. This response, as measured by the LD50E, was at 
about the same high level for the 1-, 7-, and 14-day age groups, and then 
decreased stepwise for the 21- and 42-day age groups. When inoculations 
were made by the intraperitoneal route, maximum response was obtained 
with the 1-day age group and marked reductions were obtained for each 
successive older age group. Visceral lymphomatosis also occurred in all 
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40 60 80 


Age at inoculation (days). 


Text-FicurE 1.—LD50E (erythroblastosis) and LD50VL (visceral lymphomatosis) 
of strain RPL12 in chickens of various ages inoculated by different routes. 


age and route groups, but the variation in percentage mortality from this 
neoplasm was in most instances reciprocal to that of the erythroblastosis 
mortality. Thus the occurrence of visceral lymphomatosis was of sig- 
nificance only in lots that received low doses of virus and/or were inocu- 
lated at the older ages and was greater for most doses and age groups when 
the route was intraperitoneal instead of intravenous. Osteopetrosis 
occurred in chickens of the young age groups, but the incidence was low. 

In experiment 5, chickens at 12, 22, 42, and 84 days of age were inocu- 
lated by the intravenous route with L31 at a single dose of —4 logs. The 
mortality data to 245 PID are given in the lower part of table 3. The 
erythroblastosis mortality decreased for each successive increase in age. 
Visceral lymphomatosis occurred, but was of little significance, and no 
osteopetrosis appeared. The LD50E values were obtained by using a 
uniform slope of the regression line established by the dose-response 
relation of the previous experiment. The LD50 values for the several 
ages tested were the same as or similar to those obtained in experiment 4. 
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Successful infection terminating in high mortality from visceral lympho- 
matosis has resulted from the application of strain RPL12 virus to the 
natural body openings (11). The influence of the age of the chicken at 
the time of infection by such natural avenues has been studied in experi- 
ment 6. Two series of 7 lots of chickens were obtained from the same 
source but from different hatches, so that on the same date they were 1, 7, 
14, 21, 28, 42, and 63 days of age. One series of birds at different ages was 
infected by the oral route and the second series by the nasal route. Each 
received L31 at a dose of —3 logs (see text-fig. 2). 


90 — 


Exp’? 7; iv at -7logs 


Exp't 6; nasal at -3 logs 


Percent visceral lymphomatosis 


60 
Age at inoculation (days). 


TEXT-FIGURE 2.—Mortality from visceral lymphomatosis after exposure to strain 
RPL12 virus by different routes and at various ages. 


The essential data of this experiment which lasted 270 days are given 
in table 4. The primary response was the development of visceral 
lymphomatosis. Only 2 cases of erythroblastosis and 6 of osteopetrosis 
occurred in the entire experiment. They were distributed in 5 of the 7 
lots. For each of the 2 avenues of exposure the maximum mortality from 
visceral lymphomatosis occurred in the lots of chickens infected at 1 day 
of age. With each increase in age at inoculation there occurred a decrease 
in response. The greatest drop was between the lots inoculated at 1 day 
and 7 days of age. The oral route caused an over-all lower visceral 
lymphomatosis than did the nasal route. 

Data reported here and elsewhere (7) indicate that when relatively 
large doses of strain RPL12 virus are given by a parenteral route to line 
15I chickens the primary response is a high mortality from erythroblas- 
tosis. Some birds that fail to develop erythroblastosis later develop 
visceral lymphomatosis, but the quantitative aspects of the latter response 
are usually inconsistent and unreliable. A greater and more consistent 
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response in terms of visceral lymphomatosis mortality is obtained when 
the doses are sufficiently small to cause few or no deaths from erythroblas- 
tosis. With these considerations in mind, experiment 7 was designed to 
measure the influence of age of the chicken, at the time of intravenous 
inoculation, on mortality from visceral lymphomatosis. Various lots of 
chickens were inoculated at 1, 7, 14, 21, 42, 63, and 84 days of age with 
L31 in doses of —6, —7, —8, —9, and —10 logs, except that at the older 
age levels low doses were omitted and a dose of —5 logs added. The 
essential data obtained during a 270-PID period are presented in table 5. 

The primary response in all age groups was mortality from visceral 
lymphomatosis. Erythroblastosis occurred in about half the lots, but 
in only 1 lot there were as many as 13 cases and in others in which it 
occurred there were less than 3. Osteopetrosis was also low and sporadic. 
Visceral lymphomatosis occurred in all lots, from a low of 10 percent to a 
high of 92 percent. The maximum responses appeared to have been 
obtained in lots other than those receiving the highest dose of virus. 
Thus it extended to the —8 log dose for the 1-day age group and to the 
—7 log dose for the 7-, 14-, and 21-day age groups. 

The LD50VL estimates were obtained as described and were found to 
vary in a nearly regular manner from —9.1 logs for the chickens inoculated 
at 1 day of age to —6.0 logs for the oldest age group of 84 days. 


DISCUSSION 


The quantitative measurement of the response resulting from exposure 
to the virus or viruses of strain RPL12 is at best difficult; under certain 
conditions data cannot be interpreted because of the occurrence of several 
different neoplasms in the same chickens or in different chickens of the 
same experimental group. The problem is complicated because the 
incubation periods generally required to produce erythroblastosis and 
visceral lymphomatosis are different, and osteopetrosis develops and may 
persist during both these periods. 

It is not yet known whether the several neoplasms are due to a single 
multipotent virus or to several specific viruses. Furthermore since 
quantitative measurements are usually based on the rate of occurrence 
of a specific disease, it seemed logical not only to give the results in 
numbers of positive birds with each type of neoplasm, but also to base 
the percentage on the number of chickens that could have developed the 
disease if they had been equally susceptible. Corrections described 
previously and elsewhere (7) were therefore made. Such corrections, 
although useful, are inadequate. Other influences occur which presently 
cannot be quantitatively assessed. Thus in almost all experiments 
(tables 1, 2, and 3) wherein large doses of virus (—2, —3, —4, —5 logs) 
were inoculated, a good correlation between the dose and mortality from 
erythroblastosis was obtained. Despite the rather bold correction ap- 
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plied in computing the percent of visceral lymphomatosis mortality, the 
relation between dose and percent of visceral lymphomatosis was either 
inconsistent or inverse. Only at low doses of virus, when little or no 
erythroblastosis mortality had occurred, as in experiment 7, was a positive 
correlation between dose and visceral lymphomatosis mortality obtained. 
It has been suggested that the explanation for the apparent inconsistent 
or inverse relation when high doses were used may be found in the possi- 
bility that the chickens surviving erythroblastosis are likely to be rela- 
tively more resistant than the original population not only to erythro- 
blastosis but also to visceral lymphomatosis. Thus the higher the dose 
the greater the erythroblastosis mortality and the greater the resistance 
of the survivors—hence, a relatively lower rate of visceral lymphomatosis 
mortality. 

A second major influence for which no correction was attempted 
involves the apparent influence of osteopetrosis on erythroblastosis 
mortality. A good example of this is found in experiment 3, wherein 
L29 was inoculated into chickens of different ages. Chickens inoculated 
at 1 day of age developed a high incidence of osteopetrosis with a low 
incidence of erythroblastosis, especially to 70 PID. The 7-day age lots 
developed much less osteopetrosis and the percentage of erythroblastosis 
was much higher than for the 1-day age lots. A markedly different 
sequence in erythroblastosis mortality was obtained in experiment 4 in 
which all factors were similar except for the virus preparation. Chickens 
inoculated at 1 day of age with L30 developed a low incidence of osteo- 
petrosis, and the erythroblastosis mortality was fully as great as in lots 
inoculated at 7 days of age. Estimates on the erythroblastosis mortality 
of chickens inoculated at 7 and 21 days of age indicate that the potency 
of the erythroblastosis virus in L29 was about as great as that in L30, and 
the low erythroblastosis mortality in chickens inoculated at 1 day of age 
in experiment 3 would appear to be related to the occurrence of a high 
incidence of osteopetrosis in the lots of this age group. The basis for the 
depressing action of osteopetrosis on the occurrence of erythroblastosis 
at present can only be speculative. 

Osteopetrosis has a much longer course than erythroblastosis. Chickens 
affected with osteopetrosis may die in 4 to 6 weeks, but most often, when 
not complicated by a more malignant disease, the chickens will survive 
for long periods during which erythroblastosis usually runs its course. 
In birds with osteopetrosis only, lesions are not confined to the bone, but 
frequently a marked atrophy and fibrotic alterations of the spleen and a 
cirrhosis of the liver have been noted (6). These soft-tissue alterations 
may be the clue for the marked decrease in susceptibility to the develop- 
ment of erythroblastosis in chickens affected with osteopetrosis. Even 
though the bone marrow is the primary organ of neoplasia in erythro- 
blastosis, involvement of the liver and spleen is almost a universal sequence 
and is no doubt the cause of death. 

Results of the several experiments (tables 1, 3, and 4) have shown that 
line 15I chickens are more sensitive to inoculation with strain RPL12 
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virus by certain routes than by others. Thus in the first experiment the 
sensitivity obtained is in the following decreasing order with respect to 
route: intramedullary, intravenous, intraperitoneal, intracerebral, intra- 
muscular, and subcutaneous, with a maximum spread of 1.2 logs in the 
LD50 dose which causes erythroblastosis. In a subsequent experiment, 
confirmed results were obtained for the first 3 routes mentioned. However 
the LD50E was not estimated because of the low incidence of erythro- 
blastosis. The latter presumably was due to the high percent of osteo- 
petrosis that usually resulted when L29 was inoculated into 1-day-old 
chicks. 

The occurrence of osteopetrosis appears to be less sensitive to variation 
in the route of inoculation than erythroblastosis. No distinct variation 
in the percent of osteopetrosis related to route of inoculation was obtained 
in experiment 1 in which the over-all occurrence was at a low level, nor 
in experiment 2 in which it was much higher. 

A comprehensive comparison of the effectiveness of the intravenous 
and intraperitoneal routes in causing erythroblastosis was made by inocu- 
lating the chickens at 1, 7, 14, 21, and 42 days of age. The results (table 
3 and text-fig. 1) show conclusively that chickens of all these ages were 
much less sensitive when inoculated intraperitoneally than intravenously, 
and that this difference increased with the age of the bird. Thus the 
LD50E to 70 PID showed no decrease when chickens were inoculated 
intravenously at 1 to 14 days of age, and very little decrease when inocu- 
lated at 21 days of age, whereas the intraperitoneal route resulted in an 
LD50E of 2 logs higher at 14 days and at least 3 logs higher at 21 days 
than when inoculations were made at 1 day of age. 

Placing the virus under the tongue or in the nasal passage causes the 
3 neoplasms obtained by any of the parenteral routes of inoculation; how- 
ever even at high doses the response is primarily mortality from visceral 
lymphomatosis. Thus the sensitivity of the chickens to the natural 
routes is much less than their sensitivity to the parenteral routes tested. 
This is based on a comparison of the erythroblastosis responses in experi- 
ment 1 (table 1) and on a comparison of the visceral lymphomatosis 
responses in experiments 6 and 7 (tables 4 and 5 and text-fig. 2). 

The sensitivity of chickens to inoculations by different routes with the 
strain A myeloblastosis virus (J) and with the strain R erythroblastosis 
virus (2) has been reported to be about the same, and similar to that 
obtained with RPL12. The minor differences could easily be due to 
slight differences in strain characteristics and/or methods of bioassay. 

The influence of age of the chicken, at the time of inoculation, on mor- 
tality from erythroblastosis and visceral lymphomatosis and on the occur- 
rence of osteopetrosis was studied in 5 experiments. In most groups the 
responses were summarized by obtaining an estimate of either LD50E 
when the primary response was erythroblastosis mortality or LD50VL 
when the primary response was visceral lymphomatosis mortality. These 
estimates were not obtained when the responses were too low, as in the 
1- and the 168-day age groups of experiment 3 and the 21- and 42-day 
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age groups inoculated intraperitoneally in experiment 4, nor were they 
obtained for the groups injected by the oral or nasal routes. 

The LD50 estimates, indicative of the sensitivity of line 15I chickens 
to the development of erythroblastosis and visceral lymphomatosis, were 
plotted against the ages of the chickens at the time of inoculation, the 
latter on an arithmetic scale. These graphs are presented in text-figure 1. 

In experiments 3 and 4, the erythroblastosis responses after intravenous 
inoculation indicate no change or even a slight increase in sensitivity of 
the chickens up to about 14 to 21 days after hatching. Thereafter to at 
least 83 days of age, the data of experiments 3, 4, and 5 show a gradual 
decrease in susceptibility. The regression lines drawn from gross esti- 
mate have a similar slope and a maximum spread, between experiments, 
of less than % log. 

The intraperitoneal route resulted in a much steeper regression line 
than for the intravenous route. There was also no indication of a trunca- 
tion in the 14- to 21-day-of-age period when birds were inoculated by the 
intraperitoneal route. The greater slope and lack of truncation indicate 
a much more rapid loss in sensitivity by the intraperitoneal route of inocu- 
lation than by the intravenous route. Although the difference in sensi- 
tivity obtained by these 2 routes is equivalent to about 1 log when inocula- 
tions are made at 1 day of age, this difference increases to more than 4 
logs when inoculations are made at 21 days of age. 

The LD50VL for the visceral lymphomatosis response obtained in 
experiment 7 also appears to have a linear relation to the host age at the 
time of inoculation. The slope appears to be similar to that for the eryth- 
roblastosis response obtained by the intravenous route of inoculation, 
but there is no indication of truncation. 

The response obtained by the oral and nasal routes of exposure in per- 
cent of visceral lymphomatosis was also plotted against the age of the 
host at the time of inoculation, and smooth curves were drawn from gross 
estimates. These, together with a reference line presenting the responses 
in the same terms obtained after intravenous inoculation in experiment 7, 
are presented in text-figure 2. The percent of visceral lymphomatosis 
for the latter was obtained from the probit regression line corresponding 
to the dose of —7.0 logs. 

Whereas the visceral lymphomatosis obtained after intravenous inocu- 
lation follows a linear function with age, that obtained by the nasal and 
oral routes of exposure appears to follow a parabolic function with age. 
Thus the natural routes are much more sensitive to aging of the chickens 
during the first 3 weeks of life than the intravenous route is. A similar 
difference was noted (text-fig. 1) between the intraperitoneal and intra- 
venous routes when compared on the basis of the erythroblastosis mor- 
tality. 

Susceptibility of line 151 chickens to the development of osteopetrosis 
appears to be markedly conditioned by the age of the chicken at inocula- 
tion. In one experiment, increases from 1 to 21 days of age at the time 
of inoculation resulted in a decrease in percent of osteopetrosis, from 
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about 90 percent to less than 7 percent. This rapid decrease with age 
in susceptibility to osteopetrosis occurs much more rapidly than the de- 
crease in susceptibility to erythroblastosis or to visceral lymphomatosis. 

This observation, together with a similar lack of correlation between the 
erythroblastosis and/or visceral lymphomatosis activity (in the experi- 
ments presented herein) and the osteopetrosis activity of the various 
strain RPL12 virus preparations, adds further to the weight of evidence 
already reported (7, 12) which indicates that the virus(es) causing oste- 
opetrosis is different from that causing erythroblastosis and visceral 
lymphomatosis. 

Working with strain R virus, which causes erythroblastosis, Beaudreau 
et al. (2) reported a definite increase in the susceptibility of line 15 chickens 
with an increase in age from 7 to 77 days at the time of inoculation. This 
is contrary to the erythroblastosis response obtained with strain RPL12 
virus during about the same age period, except that no change or an 
insignificant change occurred during the first 3 weeks of life. The results 
obtained with strain RPL12 are in agreement with those reported earlier 
(13, 14), which indicate that the younger birds were more susceptible. 

Maternal antibodies in the chicken are not of any significance beyond 
3 weeks of age; hence, they cannot account for the increased suscepti- 
bility with age reported by Beaudreau et al. (2). 
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Virus Isolated from Avian Lymphomas Unre- 
lated to Lymphomatosis Virus ' 
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tural Research Service, Regional Poultry Research 
Laboratory, East Lansing, Michigan, and Lederle 
Laboratories, Division of American Cyanamid Company, 
Pearl River, New York 


SUMMARY 


A virus isolated from material known to 
contain virulent lymphomatosis virus 
has been shown to be antigenically un- 
related to lymphomatosis and does not 
cause the disease. Because of its mor- 
phology, stability, and confinement to 


the nucleus, where it occurs in crystal- 
line array, it is similar to the adeno- 
viruses of man, and it is suggested that 
it be called GAL (Gallus, adeno-like) 
virus.—J. Nat. Cancer Inst. 24:1443- 
1447, 1960. 


A NUMBER of studies (1-9) have been reported on a virus isolated by 
inoculation of cell cultures from several chick-embryo tissues with filtrates 
of lymphomatous liver from chickens infected with strain RPL12, which 
causes visceral lymphomatosis (lymphoid leukosis), erythroblastosis, and 
osteopetrosis in White Leghorns of inbred line 15I (10). 

This virus was isolated simultaneously in two laboratories (1, 2). It 
was thought to be related to or identical with the virus causing lympho- 
matosis, on the basis of the following: (a) Chicks inoculated with the 
third to the tenth tissue-culture passages developed lymphomatosis, and 
the cumulative dilution of the passages was beyond the infectivity titer of 
the starting material (1, 2). (6) Chick embryos inoculated with the 
fourteenth passage developed both necrotic and proliferative lesions in 
parenchymatous organs that were interpreted as being similar to lympho- 
matosis in the adult (6). (ce) Antiserum which neutralized the infectivity 
for chickens of lymphomatous liver filtrates also prevented cytopathology 
in tissue culture (1, 2). Disturbing features were the inability to isolate 
such a virus from all virulent lymphomatosis filtrates and the failure in 
some instances of a high proportion of birds inoculated with late-passage, 
high-titer tissue-culture preparations to develop lymphomatosis. While 
positive identification was lacking (1), others (2-9) nevertheless have re- 
ferred to it as the avian lymphomatosis or the lymphoma virus. 

The purpose of this communication is to describe briefly experiments 


1 Received for publication May 10, 1960. 
2 Present address: Wyeth Laboratories, Inc., Marietta, Penna. 
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which demonstrate that this agent is not related to the virus causing 


visceral lymphomatosis and to call attention to properties it has in common 
with the human adenoviruses. 


EXPERIMENTAL 


Infectivity Tests 


White Leghorns of inbred line 15I were inoculated intravenously, at 
5 to 7 days of age, with 0.2 ml. of undiluted tissue-culture supernatant. 
All such material, except that taken from uninoculated tissue-culture 
tubes, had a TCD50 titer greater than 10°. Chickens used as positive 
controls were inoculated with 5 percent filtered extracts of lymphomatous 
liver after further dilution of 10~°. 

The results of two infectivity tests for the occurrence of visceral lympho- 
matosis and erythroblastosis, during an experimental period of 245 days 
in several groups of chickens, are presented in table 1. In test I, a very 
low percentage of chickens that had been inoculated with fluids of the 
eighth, thirteenth, and eighteenth tissue-culture passages of the virus 
isolated at East Lansing developed leukosis. This incidence was of no 
significance since in two control groups, one inoculated with uninfected 
tissue culture and the second uninoculated, a slightly higher incidence 


TaBLe 1.—Response of chickens, during a 245-day period, after inoculation with 
RPL12 tissue-culture virus 


Percent mortality * 


Visceral 
Number Erythro- lympho- 
Tests inoculated blastosis matosis 


Test I 


Isolated at East Lansing from preparation L29 of 
strain RPL12 


8th Tissue-culture passage fluids. . ..... 45 2.5 

13th Tissue-culture passage fluids . ..... 45 0 

18th Tissue-culture passage fluids ...... 45 0 7.5 
Controls 

Uninoculated tissue-culture fluids... ... 45 0 8.9 

RPL12 lymphomatous liver filtrates . . . . . 94 2. 0 61.5 

Chickens not inoculated : ie & % 0 8.9 


Test II 


Isolated at Pearl River from preparation L28 of 
strain RPL12 


15th Tissue-culture passage fluids . ..... 45 0 2. 5 

Plaque isolate of above. . . a a 60 0 0 

21st Tissue-culture passage fluids 45 0 0 
Controls 

RPL12 lymphomatous liver filtrates . . . . . 96 10. 5 70. 0 

Chickens not inoculated .. . 45 0 0 


* Based on corrected number (10). 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


VIRUS ISOLATED FROM AVIAN LYMPHOMAS 1445 


of leukosis was noted. In contrast, 61.5 percent of chickens inoculated 
with strain RPL12 filtrates diluted 10-° developed visceral lymphomatosis. 

In test II, 3 groups of chickens inoculated with fluids of the fifteenth 
and twenty-first passage * and of a plaque isolate from the fifteenth pas- 
sage of virus propagated at Pearl River developed essentially no leukosis. 
The uninoculated controls were also negative, whereas 70 percent of 
chickens inoculated with strain RPL12 chicken virus developed visceral 
lymphomatosis and 10 percent developed erythroblastosis. 


Neutralization Tests 


Neutralization tests against the strain RPL12 chicken-propagated 
virus were conducted by mixing 4 fourfold dilutions of serum with equal 
volumes of 2 dilutions of virus. One dilution yielded a final inoculation 
dose of —4.0 logs gm. tumor equivalent, which causes erythroblastosis 
primarily, and the second dilution of virus gave a final inoculation dose of 
—6.0 logs, which causes visceral lymphomatosis primarily (10). The 
mixtures were incubated for 2 hours at 20° C. and then inoculated in- 
travenously in 14-day-old chickens of line 151. Responses, in terms of 
erythroblastosis mortality within 77 days and visceral-lymphomatosis 
mortality within 210 days, were compared with the response curve 
obtained with chickens of the same source after inoculation with several 
serial tenfold dilutions of the standard stock virus used in the neutraliza- 
tion tests. The percentage data were plotted on normal deviate (probit) 
paper,‘ and the amount of virus neutralized (neutralization index) by 
each dilution of serum was estimated from the extent of displacement of 
the response of the groups inoculated with the serum-virus mixtures. 

In 2 tests, at a dilution of 1:16, the pooled serums of chickens that 
had been immunized with the chicken-propagated strain RPL12, by a 
procedure previously described (11), had neutralizing indexes of 3.5 and 4 
when the visceral-lymphomatosis response was used and an index of >2 
in each of 2 tests with —4 log dose of virus causing erythroblastosis. 

In contrast, the serum of chickens similarly injected with the tissue- 
culture virus had a neutralizing index of one half when tested against both 
virus levels. Similar negative results were obtained with antiserums 
prepared at Pearl River. These same serums, at dilutions of 1:20,000, 
or more, neutralized 1,000 TCD50 of tissue-culture virus. 


Immunity Test 


The lack of antigenic relationship between the tissue-culture virus and 
the visceral-lymphomatosis virus was further indicated by the results of a 
passive-immunity experiment. One group of hens was immunized with 
the RPL12 chicken-propagated virus, a second group with the tissue- 
culture virus, and a third group was left untreated. The progeny were 

3 The twenty-first passage material was kindly supplied by Dr. V. Defendi, who made the last 6 transfers at 


The Wistar Institute of Anatomy and Biology, Philadelphia, Penna. 
4Codex Book Company, Norwood, Mass. 
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then challenged by inoculation with graded doses of the chicken-propa- 
gated virus, and the relative resistance was determined in a manner 
described previously (11). Only the progeny of the RPL12 virus-immu- 
nized group showed significantly greater resistance than the progeny of 
the control group. The difference was equivalent to about 2.5 logs of 
challenge virus. Progeny of the tissue-culture virus-immunized group 
responded no differently than the controls. These results became even 
more significant in view of the observation that serums from both groups 
of immunized hens, when tested against the tissue-culture virus, showed 
high neutralization activity. 

Limited studies on the natural occurrence of neutralizing antibodies to 
this virus show that they occur in many flocks of chickens in this country 
and abroad and appear to have no relation to the occurrence of visceral 
lymphomatosis in flocks as a whole or in individual chickens (12-14). 


DISCUSSION 


The evidence presented clearly shows that the tissue-culture agent is 
not lymphomatosis virus. Neutralization of the tissue-culture virus by 
antiserum to RPL12 filtrates, as reported in previous studies (1, 2) and 
in these studies, shows that the starting material was a mixture of viruses. 
Earlier studies, in which lymphomatosis was induced by the tenth to 
fourteenth tissue-culture passages, indicated that the lymphomatosis virus 
had multiplied in culture along with the cytopathogenic agent. The 
inability to produce disease in more recent tests with both low and high 
passage levels of stored materials could be caused by overgrowth of the 
cytopathogenic agent, a greater instability of lymphomatosis virus, or a 
combination of both. 

Some evidence suggests that the lymphomatosis agent in tissue culture 
may be less stable than the cytopathogenic agent under discussion. In 
recent studies, virus isolated at Pearl River from lymphomatosis strain 
RPL16 caused a high incidence of disease in chickens inoculated with 
fluids of the nineteenth tissue-culture passage. This virus, which caused 
cytopathology in fibroblasts but not in chick-embryo liver cells, had a low 
titer and was antigenically different from the other isolates, and after 9 to 
12 months, only those samples stored at dry-ice temperature could be 
propagated in tissue culture. This virus isolate would appear to be dif- 
ferent from that obtained from strain RPL12; whether or not it is related 
to the etiologic agent of visceral lymphomatosis remains to be determined. 

Intranuclear inclusions, strongly Feulgen-positive, were an early promi- 
nent feature in hepatic cells of intact embryos as well as in tissue-culture 
monolayers infected with the strain RPL12-derived cytopathogenic virus 
(6). Studies with labeled deoxyribonucleic acid (DNA) precursor and 
with a DNA-synthesis inhibitor have established that DNA synthesis 
plays an essential role in the replication process of this virus (9). Electron 
microscopic examination of sectioned infected cells in tissue culture showed 
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that the virus was located in the nucleus, appeared in a crystalline array of 
particles showing a hexagonal cross section, and had an average diameter 
of 85my with a central core 44my in diameter (8). Furthermore, the virus is 
resistant to ether (15, 16). Because of its morphology, chemical charac- 
teristics, site of replication in the cell, stability, and wide distribution, 
this chicken orphan virus resembles in many respects the human adeno- 
viruses (17) and it is suggested that it be referred to as GAL (Gallus, 
adeno-like) virus. 
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